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Magnesium in chronic hemodialysis (MAGIC-HD): a study protocol for a

randomized controlled trial to determine feasibility and safety of using
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increased dialysate magnesium concentrations to increase plasma

10 magnesium concentrations in people treated with hemodialysis.
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Abstract

Introduction

People treated with hemodialysis are at increased risk for all-cause and cardiovascular
mortality. Plasma magnesium concentration has been inversely associated with these risks.
Therefore, plasma magnesium may be a new modifiable risk factor and an increase of
dialysate magnesium concentration may be an easy, safe and effective way to increase
plasma magnesium concentrations. Detailed information on modulating dialysate
magnesium concentrations is limited in literature. Primary objective of this study is to
determine the safety and feasibility to increase plasma magnesium concentrations in people
treated with hemodialysis by means of sequentially increasing concentration of magnesium
in the dialysate.

Methods and analysis

In this randomized double blinded standard of care controlled trial, fifty-three persons
treated with hemodialysis, will be randomly allocated 2:1 to either a step-wise individually
titrated increase of dialysate magnesium concentration from 0.50 to 0.75 to 1.00 mmol/L
during 8 weeks, or a standard dialysate magnesium concentration of 0.50 mmol/L. Other
study measurements include dietary records, questionnaires, electrocardiography (ECG),
Holter registration and pulse wave velocity. The primary endpoint is pre-dialysis plasma
magnesium after the long interdialytic interval at the end of week 8. In addition, the
predictive effect of dialysate magnesium concentration and other baseline parameters and
dialysis characteristics on plasma magnesium concentration, will be explored using linear
mixed models. Safety endpoint is defined by the occurrence of hypermagnesemia above
1.25 mmol/L, or bradycardia or prolonged QTc interval detected on the ECG.

Ethics and dissemination

The study is conducted in accordance with the declaration of Helsinki as revised in 2013 and
was approved by the Ethical Committee of the VU University Medical Center. The results of
the study will be disseminated by publication in peer-reviewed scientific journals and
presentation at national or international conferences in the field of interest.

Trial registration number

NTR 6568 / NL6393
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Strengths and limitations
e Blinding and randomization prevents bias occurring from differences in life-style

between groups, and enables objective collection and processing of data

oNOYTULT D WN =

9 e Dialysate concentrations will be individually titrated based on individual plasma

11 magnesium concentrations by an independent physician

13 e Not only the effects of dialysate magnesium concentrations on plasma magnesium
concentrations will be determined, but also the factors that are predictive for these
effects

18 e Major limitation is that the study will not provide information on clinical outcomes

20 including cardiovascular events and mortality, due to limited study duration
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Introduction

People with chronic kidney disease (CKD) including those treated with dialysis are at
increased risk for all-cause and cardiovascular mortality.! This increased risk persists after
adjustment for traditional cardiovascular risk factors, indicating that other kidney specific
factors contribute to the cardiovascular risk.! Recently, lower magnesium has been
identified as a potential novel risk factor.2 Magnesium is involved in many physiological
functions, including energy metabolism and regulation of transmembrane transport of ions
and consequently, it is essential for muscle function, cardiac rhythm and vascular tone.3 In a
meta-analysis of studies in people with CKD including those on dialysis, we showed that
plasma magnesium concentration is inversely associated with all-cause and cardiovascular
mortality, and that this not only applies for normal compared to low magnesium, but also
revealed protective effects of magnesium above as compared to within the reference range
(generally 0.70 — 1.05 mmol/L).* Magnesium concentration is also inversely associated with
the risk for sudden death and with arrhythmia in people treated with hemodialysis.>” In the
general population, serum magnesium has been inversely associated with frequent or
complex premature complexes, which predict prognosis including all-cause mortality in the
general population.® ® Moreover, serum magnesium was inversely associated with pulse
wave velocity (PWV) in people treated with maintenance hemodialysis,'° and in a short
randomized cross-over study in people treated with hemodialysis, higher dialysate
magnesium concentration compared to standard dialysate magnesium concentration
decreased pulse wave velocity.!! PWV is a marker of vascular stiffness and a strong
predictor of cardiovascular outcome in people with CKD stage 4-5D.1% In most studies that
included multiple categories of plasma magnesium concentration in people with CKD
including those treated with dialysis, there was a monotonic inverse association between
magnesium and all-cause mortality.* We previously showed that a commonly used dialysate
magnesium concentration of 0.50 mmol/L in hemodialysis, usually induces a decline of
magnesium towards magnesium concentrations in the lower range of normal.!3 Therefore,
an increase of dialysate magnesium concentration, may be an easy, safe and effective way
to increase plasma magnesium concentrations in people treated with hemodialysis, without
the need of oral supplementation. The results of one observational study suggest that there
may be an optimal concentration of plasma magnesium in-between 1.15-1.27 mmol/L, with

an increasing risk for mortality if magnesium values exceed this range.'* Although these
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findings were not confirmed by other studies that included magnesium values in this high
range, this requires to take into account safety when increasing plasma magnesium
concentrations.® > 16 |n a previous 4-weeks trial by Bressendorf et al., increasing dialysate
magnesium concentration from 0.50 to 1.00 mmol/L resulted in a 0.4 mmol/L increase of
plasma magnesium concentration (95%-Cl 0.3-0.5).%” Here, we describe a randomized
standard-of-care controlled trial of step-wise increment of dialysate magnesium
concentration in people treated with hemodialysis. Primary objective is to determine the
feasibility to increase plasma magnesium concentrations in individuals treated with
hemodialysis by means of sequentially increasing concentration of magnesium in the
dialysate. Secondary objectives are to determine safety of using higher dialysate magnesium
concentrations, the effect of dialysate magnesium on plasma magnesium concentration,
and to define which parameters are predictive for the increment of plasma magnesium
concentration by increasing dialysate magnesium. We will also explore the effects of using

higher dialysate magnesium on cardiac rhythm and pulse wave velocity.

Methods

Trial design

In this randomized, double-blind, standard of care (SOC) controlled multi-center trial,
individuals treated with hemodialysis will be randomly allocated to either a stepwise
increase of dialysate magnesium concentration from 0.50 to 1.00 mmol/L, or continue on a
standard dialysate magnesium concentration of 0.50 mmol/L. The protocol was written in
accordance with the Standard Protocol ltems: Recommendation for Interventional Trials

(SPIRIT) and registered at www.trialregister.nl (registration number NTR 6568 / NL6393).%8

The study is conducted in accordance with the declaration of Helsinki as revised in 2013 and
was approved by the Ethical Committee of the VU University Medical Center (registration

number 2017.408, NL62679.029.17).

Characteristics of participants and recruitment
Adult persons treated with hemodialysis on a 3-times weekly dialysis schedule, will be
enrolled in the study. The in- and exclusion criteria are listed in table 1. Participants will be

recruited from multiple centers in the Netherlands, including Amsterdam University Medical
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Center location VU Medical Center, Amsterdam; Diapriva dialysis center, Amsterdam;
Niercentrum aan de Amstel, Amstelveen; and Spaarne Gasthuis, Hoofddorp. Participants

need to provide written informed consent prior to enroliment.

Table 1. Inclusion and exclusion criteria
Inclusion criteria

o Age 218 years

e Hemodialysis with regular three times weekly dialysis schedule

e Hemodialysis since at least 3 months

e Standard dialysate magnesium concentration 0.50 mmol/L

e Providing informed consent

e Pre-dialysis plasma magnesium concentration < 1.00 mmol/L after the long intra-dialytic
interval

Exclusion criteria

e Intravenous magnesium supplementation (including total parenteral nutrition) in the last 2
weeks

e Expected cessation of dialysis treatment within three months after inclusion or expected
permanent or temporary dialysis center switch to a center not participating in the trial
within three months after inclusion.

e Prolongation of QTc interval: male >450 ms or female >460 ms on baseline ECG

e Bradycardia: heart rate below 60 beats per minute on baseline ECG

e Chronic arrythmia or cardiac conduction disorder other than atrial fibrillation or ventricular
extrasystole that poses the patient at risk at the discretion of the treating physician.

e Change of proton pump inhibitor prescription in the last 2 weeks

In order to be eligible to participate in this study, a subject must meet all of the inclusion criteria. A potential
subject who meets any of the exclusion criteria will be excluded from participation in this study.

Intervention

In the intervention group, dialysate magnesium is increased stepwise, from 0.50 mmol/L at
baseline, to 0.75 mmol/L during week 1-4, and to 1.00 mmol/L during week 5-8. The
participant proceeds to the next increment step of dialysate magnesium concentration after
week 4 only if pre-dialysis plasma magnesium after the long interdialytic interval is below
1.15 mmol/L in week 4. Otherwise, the dialysate magnesium concentration of 0.75 mmol/L
is continued in week 5-8. After week 8, dialysate magnesium will be gradually reduced with
0.25 mmol/L in week 9 and thereafter return to the standard dialysate magnesium
concentration of 0.50 mmol/L in week 10.

Participants in the control group are treated with a standard dialysate magnesium
concentration of 0.50 mmol/L. (see Figure 1)

The dialysate contains a potassium concentration of 2 or 3 mmol/L, as determined in

routine care by the treating physician based on individual needs. For the respective
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magnesium concentrations, six dialysis concentrates are used in weeks 1-9 (Hemodialysis A-
concentrate, D761, D987, D907, D283, D961 and D908, MTN Neubrandenburg GmbH,
Neubrandenburg, Germany). In the composition of these concentrates, besides potassium

based on individual needs, only the amount of magnesium chloride is different.

Study procedures and participant time line

The study procedures and participant time line are shown in Figure 2. After informed
consent is provided by participants that meet in- and exclusion criteria, blood sampling and
electrocardiography (ECG) are performed at baseline. Eligible persons meeting the criteria
for plasma magnesium and ECG, as provided in table 1, are allocated to the either SOC or
incremental magnesium dialysate. During the trial, blood sampling will be performed before
and after the dialysis sessions following the long interdialytic interval weekly, and every
dialysis session in week 1 and 5 to measure plasma magnesium concentration. In addition,
in week 1, 5and 9, blood is collected for measurements of potassium, bicarbonate, calcium,
albumin, phosphate, parathyroid hormone (PTH), hemoglobin and C-reactive protein (CRP).
For laboratory measurements, standard methods of the local laboratory are used.
Participants record dietary intake for 3-days at baseline. From this record, dietary
magnesium intake is extracted using the Dutch Food Composition Database (NEVO) by using
the calculator on the website of the Dutch Nutrition Center.1® 20 A questionnaire regarding
the presence of subjective symptoms that can be associated with hypermagnesemia is
completed at baseline, week 4 and 8. This is a 7-point yes or no questionnaire to ask if a
participant experienced the following symptoms in the last week: nausea, vomiting,
dizziness, drowsiness, reduced muscle strength, itching and leg cramps, and at baseline, also
a question about chronic diarrhea and over-the-counter use of magnesium supplements is
included. An electrocardiogram (ECG) is repeated before dialysis in week 4 and 8 to
determine heart rhythm, frequency and QTc interval. In addition, at baseline and in week 8,
participants undergo continuous heart rhythm monitoring and pulse wave velocity (PWV)
measurements. Heart rhythm monitoring is performed using a Holter recorder (Fysiologic,
Amsterdam, The Netherlands) for 48 hours including one dialysis sessions and one
interdialytic period. Carotid-femoral PWV is measured using the Sphygmocor tonometer
(Atcor Medical Pty Ltd, Software version 9.0, Sydney, Australia) preceding the midweek

dialysis sessions. Participants are requested to avoid coffee, tea and smoking for 4 hours,
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and alcohol for 12 hours preceding the measurements, as is recommended by the
manufacturer of the device. The patient is placed in supine position, in a quiet environment
at room temperature. After attachment of ECG electrodes and bedrest for at least 5
minutes, blood pressure is measured with an automated Omron device at least 3 times with
a few minutes in-between, and until no substantial change occurs. Then, the last blood
pressure measurement is recorded. The carotid to femoral artery distance is measured
directly and multiplied by 0.8 to estimate the difference between cardiac-carotid and
cardiac-femoral distance as recommended by expert consensus.?! The pulse wave is
recorded using the tonometer at the carotid and femoral site and then PWV is calculated
automatically by the Sphygmocor software from entered blood pressure, distance and ECG
and tonometer recordings. Measurements are performed at least twice or until two
measurements are of appropriate quality. A measurement is considered of sufficient quality
based on the criteria set by the manufacturer: adequate shape of detected signal of ECG
and pulse wave, difference of heart rate <5 bpm between carotid and femoral
measurement, ECG R-tops and pulse wave beginning are correctly identified by the
software, and standard deviations of the ECG to carotid and of ECG to femoral time are both
<6%. PWV measurement is not performed in participants with irregular heart rhythm,
pacemaker rhythm, atrial fibrillation or flutter, heart frequency below 40 or above 160 bpm,
2" or 37 degree atrioventricular block, severe aortic valve stenosis or instable carotid
plague, as contra-indicated by the manufacturer. Furthermore, persons’ characteristics are
recorded at baseline and characteristics of the dialysis are recorded weekly for the time of
dialysis after the long interdialytic interval and for every dialysis during the first and fifth
week of intervention. Medication use and dosage is recorded at baseline and at week 8.
During the trial, all participants receive three times weekly hemodialysis sessions according
to their regular schedule. Changes of dialysis schedule during the study will be avoided as
much as possible if there is no medical indication to change the scheme. Also, changes in
prescription of proton pump inhibitors and magnesium-containing supplements, laxatives

and phosphate binders will be avoided if clinically allowed.
Safety monitoring
If participants in the intervention group reach a plasma magnesium of 1.25 mmol/L or

above, as noted by an unblinded independent nephrologist not involved in the trial (see

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 9 of 27

oNOYTULT D WN =

BMJ Open

below), at any time point during follow-up in week 1 to 8, dialysate magnesium
concentration will be reduced to the previous level in the next week. If plasma magnesium
remains 1.25 mmol/L or above in the next week in intervention phase 2 (week 5-8),
dialysate magnesium is further reduced one step (to 0.50 mmol/L). If a participant develops
bradycardia with heart rate below 50 beats per minute (bpm), or prolonged QTc interval
(>450 ms in male or >460 ms in female), noticed on electrocardiography (ECG) in week 4,
dialysate magnesium concentration is also reduced to the previous step. (Figure 1) Plasma
magnesium above 1.25 mmol/L, bradycardia < 50 bpm and prolonged QTc will be recorded
as adverse event (AE). Serious adverse events (SAE’s) will be recorded and reported to the

primary investigator and medical ethical committee.

Main endpoints

Primary endpoint is pre-dialysis plasma magnesium concentration after the long
interdialytic interval at the end of week 8, in the intervention group compared to the
control group. The change of pre-dialysis plasma magnesium concentration after the long
interdialytic interval from baseline to the end of week 8, will also be determined in the

intervention group compared to the control group.

Secondary endpoints

Post-dialysis plasma magnesium concentrations after the dialysis sessions following the long
interdialytic interval will also be determined. Safety endpoint is the safety of using higher
magnesium concentrations in the dialysate, as indicated by the incidence of respectively
hypermagnesemia (>1.25 mmol/L) at any timepoint, or bradycardia (defined as heart rate
below 60 bpm) or prolonged duration of QTc interval (>450ms in male or >460ms in female)
identified on the ECG in week 4 or 8. Other explorative endpoints include the change of
PWV from baseline to week 8; and the number of complex premature ventricular complexes
(complex PVC'’s), premature atrial complexes (PAC’s), and heart rate variability as detected
with Holter ECG monitoring. Complex PVC's are defined as PVC’s that are multiform,
repetitive or have a frequency of >30/h.2 Furthermore, the following outcomes will be
recorded: subjective symptoms that can be associated with hypermagnesemia determined
from self-reporting in questionnaires in week 4 and 8; hospitalization; mortality; and

cardiovascular events that lead to hospitalization or mortality including arrhythmia, cardiac
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arrest, acute coronary syndrome, cerebrovascular accident, and hemorrhage from ruptured

aneurysms of the abdominal aorta.

Blinding and randomization

Participants that fulfill all screening criteria, will be randomly allocated 2:1 in tranches of 6
to either the intervention group or the control group by the pharmacy according to a
computer-generated random list. Participants, treating physicians, nurses and researchers
are blinded to treatment allocation. Dialysate cannisters are re-labelled by the pharmacy for
the individual participant per individual study week. Labels include information on
participant name, date of birth, study week and dialysate potassium concentration, but no
further information on dialysate composition. For the first study week, the pharmacy
chooses the appropriate dialysate concentrate based on treatment allocation and the in
routine individual care determined potassium concentration. From week 2 on, one
independent nephrologist that is not blinded for treatment allocation, weekly decides upon
the dialysate magnesium concentration, after review of plasma magnesium concentrations
according to the algorithm shown in Figure 1. The pharmacy then re-labels the dialysate as

prescribed by the independent nephrologist.

Sample size calculation

We previously performed a study to determine plasma magnesium concentrations and
variability in people receiving 3-times weekly hemodialysis treatment with a standard
dialysate magnesium concentration of 0.50 mmol/L.13 That study showed a mean pre-
dialysis plasma magnesium concentration of 0.88 + 0.14 mmol/L.13 After excluding pre-
dialysis magnesium levels above 1.00 mmol/L from the analysis, mean pre-dialysis plasma
magnesium level was 0.83 mmol/L in that study population. Based on these results, we
expect a mean plasma magnesium concentration of 0.83 + 0.14 mmol/L in the control
group. Based on the results from the CONTRAST cohort analysis, in which plasma
magnesium was associated with all-cause and cardiovascular mortality, we consider an
increase of plasma magnesium concentration to 0.96 mmol/L in the intervention group
relevant, which is a 0.13 mmol/L rise.> The required sample size calculated for two
independent groups, based on the values just mentioned, a power of 0.80, probability of

0.05, and 2:1 randomization, would be 28 in the intervention and 14 in the control group. To

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 11 of 27

oNOYTULT D WN =

BMJ Open

account for an estimated drop-out of 20%, the required sample size is 53 participants in

total: 35 in the intervention and 18 in the control group.

Statistical analysis

Continuous variables will be expressed as mean and standard deviation (SD) for normally
distributed variables or median and interquartile range (Q1-Q3) for non-parametric
distributed variables. Categorical variables will be presented as number and percentage. The
primary endpoint, pre-dialysis plasma magnesium after the long interdialytic interval at the
end of week 8, will be compared between the intervention and control group, using
univariable analysis with an unpaired Student’s t-test if variables are normally distributed (if
necessary after logarithmic transformation) and with Mann-Whitney U test if variables are
non-normally distributed. The analysis is performed as intention to treat, including all
participants that are still in study follow-up at week 8. The change of plasma magnesium
from baseline to week 8, is first analyzed within each group using a paired Student’s t-test,
and then the difference from baseline to week 8 (delta) is compared between the groups
using linear mixed models. The predictive effect of dialysate magnesium concentration and
other baseline parameters and dialysis characteristics on plasma magnesium concentration,
will be explored in two separate analyses (for pre-dialysis and post-dialysis concentration)
using linear mixed models. In addition, we will explore which parameters are predictive for
the increment of plasma magnesium concentration from baseline to week 8 after
sequentially increasing dialysate magnesium concentration, using linear mixed models. For
secondary endpoints, univariable analysis for within-group changes and between-group
differences will be performed using respectively paired and unpaired Student’s t-test or
Mann-Whitney U tests for continuous variables, and chi-quadrate or Fisher’s exact test for
dichotomous variables. Linear mixed models will be used for multivariable analysis of

secondary endpoints with repeated measures.

Data management

Data is recorded in electronic case report forms using the webbased software Castor EDC
(Amsterdam, The Netherlands). All data is stored in coded form. The identification key is

stored at the local study site only. Randomization codes are stored at the pharmacy. The

randomization code will not be broken until follow-up of all participants is completed.
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Dissemination
The results of this study will be offered for publication in international peer-reviewed
journals. In addition, the results can be presented at national and international conferences

and meetings in the field.

Patient and public involvement

This study protocol was reviewed and approved by the Dutch Kidney Foundation (DKF). A
patient panel of the Dutch Renal Patients Association is involved in the review of research
protocols submitted to the DKF. Investigators will communicate results to participants once

the final results become available. The results will also be shared with patient organizations.

Discussion

This study aims to determine feasibility, safety, and predictive parameters for the effect of
using dialysate with higher magnesium concentration to increase plasma magnesium
concentrations in people treated with hemodialysis. In addition, this study will explore

effects of using higher dialysate magnesium on cardiac rhythm and pulse wave velocity.

Relation with previous studies

In a previous study, we demonstrated that a commonly used dialysate magnesium
concentration of 0.50 mmol/L generally induces a decline of plasma magnesium
concentrations towards concentrations in the lower range of normal.’3 Detailed information
in literature on the effects of increasing dialysate magnesium concentration on pre- and
post-dialysis plasma magnesium concentrations and safety is sparse. Two other studies
showed that a dialysate magnesium concentration of 0.75 mmol/L generally resulted in a
relatively stable plasma magnesium concentration, with a mean pre-dialysis concentration
of 1.2 mmol/L and mean post-dialysis concentrations of 1.1 up to 1.2 mmol/L.?> 23 In
another trial, a 4-weeks single-step increment of dialysate magnesium concentration from
0.50 to 1.00 mmol/L resulted in a 0.4 mmol/L increase (95%-ClI 0.3-0.5) of pre-dialysis
plasma magnesium concentration and a mean pre-dialysis plasma Mg concentration of 1.4 +

0.2 mmol/L .Y That study did not perform ECG nor Holter monitoring. As outlined in the
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introduction, an observational study in people treated with hemodialysis found an inverse
association between plasma magnesium concentrations and arrhythmia.® Moreover, in a
short randomized cross-over study in people treated with hemodialysis, a dialysate
magnesium concentration of 0.75 mmol/L compared to 0.50 mmol/L decreased pulse wave

velocity.?

Strengths and limitations

The strengths of this study protocol are the blinding and randomization. Although the
primary outcome is an objective outcome measure, blinding and randomization are
essential to prevent bias occurring from changes in life styles including dietary magnesium
intake. In addition, it is of relevance for objective collection and processing of data from
guestionnaires, pulse wave velocity measurements, electrocardiography, and reporting of
SAE’s. Another strength of this protocol is that dialysate magnesium concentration will be
individually titrated based on individual plasma magnesium concentrations. In addition, not
only the effect of dialysate magnesium will be determined, but also other factors that are
predictive for this effect will be determined. The major limitation of this protocol, is that the
study will not provide information on clinical outcomes including cardiovascular events and

mortality, due to a limited duration of the study.

Potential impact

The study described in this protocol may provide relevant information on the effect of
dialysate magnesium on plasma magnesium concentrations, the strategy for titration of
dialysate magnesium based on individual needs, the safety of increasing plasma magnesium
concentrations, and about factors that are predictive for the effect of dialysate magnesium
on plasma magnesium concentration. This information may enable to safely increase plasma
magnesium concentrations by individualized dialysate magnesium concentrations. In
addition, this study will provide explorative data about the effects of increased dialysate
magnesium concentration on intermediate cardiovascular outcomes including cardiac
rhythm and PWV. The information provided by this study, may pave the way to larger long-
term randomized controlled trials on the effects of increasing plasma magnesium
concentrations on clinical outcomes including all-cause and cardiovascular mortality in

people treated with hemodialysis. If plasma magnesium indeed improves clinically relevant
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outcomes, and can be safely increased by means of individualized increasing dialysate
magnesium concentrations, potentially large health benefits may be achieved if magnesium
is increased slightly above the reference range by an increase of dialysate magnesium
concentration. If so, the cost-effect ratio is likely low, as raising magnesium concentration is
an inexpensive intervention. In addition, it would be an easy intervention that needs no
additional patient effort and no oral supplementation would be needed in these persons
that already experience a high pill burden. Therefore, the study described in this protocol
may provide information of high relevance to patients, clinicians and health care providers
and may eventually help to decrease morbidity and mortality in people treated with

hemodialysis.

Safety considerations

Plasma magnesium concentrations are expected to rise up to values above the reference
range by the increase of dialysate magnesium concentration. However, clinical symptoms of
hypermagnesemia, typically are not observed before plasma magnesium concentrations
exceed 2.0 mmol/L, which is high above the target concentrations in this study. Reported
symptoms of hypermagnesemia (if plasma concentrations are above 2.0 mmol/L) include
lethargy, drowsiness, flushing, nausea and vomiting , and diminished deep tendon
reflexes.?* In even more severe hypermagnesemia (plasma concentrations above 3.0
mmol/L) also somnolence, loss of deep tendon reflexes, hypotension and ECG changes can
occur, and in extreme hypermagnesemia (above 5.0 mmol/L) complete heart block, cardiac
arrest, apnea, paralysis and coma have been reported?. As a result of hemodialysis inherent
techniques, the increment of (free) plasma magnesium is restricted by its concentration in
the dialysate (maximally 1.00 mmol/L in this study), so overshoot to symptomatic
concentrations is virtually impossible. The risk for severe or symptomatic hypermagnesemia
is further minimized by intensive monitoring. As dialysate magnesium concentration is not
further increased after a plasma magnesium concentration of 1.15 mmol/L is reached, and
is reduced if plasma concentrations of 1.25 mmol/L are reached at any time point, severe or
symptomatic hypermagnesemia will be prevented. These maximal target concentrations are
set taking into account an observational study in people treated with hemodialysis that
suggested an optimal magnesium concentration in-between 1.15-1.27 mmol/L and

increased risk for mortality if magnesium exceeds 1.27 mmol/L.}* Furthermore, for safety
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reasons, individuals with bradycardia or a prolonged QTc interval on the ECG at baseline will
be excluded from participation, and in individuals with bradycardia with a heart rate below
50 bpm or a prolonged QTc interval identified on the ECG in week 4, dialysate magnesium
will be reduced. Based on these careful methods, the risk for individuals participating in this
study is low. Considering the limited burden and risks associated with this study and a
possible highly-relevant contribution to future improvement of treatment and prognosis in
people treated with hemodialysis, the potential benefits outweigh the burden and possible

risks.

Trial status
The trial is currently ongoing. The first participant was randomized on the 4th of April 2018

and up till now 43 of 53 participants have been randomized.
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Figure legends

Figure 1. Flow chart of the study intervention. Numbers within frames represent dialysate
magnesium concentrations in mmol/L. All other magnesium concentrations represent
plasma magnesium concentrations, also in mmol/L. Mg, magnesium; ECG;
electrocardiography; #, ECG criteria at baseline: bradycardia defined as heartrate <60 bpm
or prolonged QTc interval >450ms in male or >460ms in female; 22, ECG criteria in week 4:
bradycardia with heart rate <50 bpm or prolonged QTc interval >450ms in male or >460ms
in female; *, pre-dialysis plasma Mg concentration after the long interdialytic interval; **,
plasma Mg concentration at any time point (pre-dialysis and post-dialysis measurements

included).

Figure 2. Study procedures. dialysis 1, dialysis 2, dialysis 3: first, second, third dialysis
session after the long interdialytic interval of the week respectively; pre: pre-dialysis; post:
post-dialysis; blood sampling set 1: lithium heparin gel tube for plasma magnesium
measurement; set 2: lithium heparin gel tube for plasma magnesium and potassium
measurement; set 3: lithium heparin gel tube for plasma magnesium, potassium, calcium,
albumin, phosphate, bicarbonate, CRP, and 2x EDTA tube for hemoglobin and PTH; set A:
serum tube for biobanking in participants who provided additional informed consent; set B:
2x EDTA tube for biobanking in participants who provided additional informed consent;
ECG: pre-dialysis electrocardiography; Questionnaire: 7-point yes or no questionnaire to ask
if a participant experienced the following symptoms in the last week: nausea, vomiting,
dizziness, drowsiness, reduced muscle strength, itching and leg cramps, in addition at
baseline a question about chronic diarrhea and over-the-counter use of magnesium
supplements is included; 3DDD: 3-days dietary diary including 1 dialysis weekday, 1 non-
dialysis weekday, 1 non-dialysis weekend day; Holter: 48-hours electrocardiography
registration including 1 dialysis session and 1 interdialytic interval; PWV: pulse wave velocity

measurement before the mid-week dialysis session.
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Figure 1. Flow chart of the study intervention. Numbers within frames represent dialysate magnesium
concentrations in mmol/L. All other magnesium concentrations represent plasma magnesium concentrations,
also in mmol/L. Mg, magnesium; ECG; electrocardiography; 2, ECG criteria at baseline: bradycardia defined
as heartrate <60 bpm or prolonged QTc interval >450ms in male or >460ms in female; 24, ECG criteria in
week 4: bradycardia with heart rate <50 bpm or prolonged QTc interval >450ms in male or >460ms in
female; *, pre-dialysis plasma Mg concentration after the long interdialytic interval; **, plasma Mg
concentration at any time point (pre-dialysis and post-dialysis measurements included).
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dialysis 1 dialysis 2 dialysis 3
pre post pre post pre post
-1 standard setl setl setl setl X
0 standard X X X X
1 study dialysate set 3+A+B set2 setl setl setl setl
2 study dialysate setl set 1
3 study dialysate setl set 1
4 study dialysate set 1 set 1 X X
5 study dialysate set3 set2 setl setl setl setl
6 study dialysate setl set1
7 study dialysate setl set 1
8 study dialysate set 1 set 1 X X X X
9 study dialysate set 3+A set 2
10 standard setl set 1
11 standard set 1 set 1

Figure 2. Study procedures. dialysis 1, dialysis 2, dialysis 3: first, second, third dialysis session after the
long interdialytic interval of the week respectively; pre: pre-dialysis; post: post-dialysis; blood sampling set
1: lithium heparin gel tube for plasma magnesium measurement; set 2: lithium heparin gel tube for plasma
magnesium and potassium measurement; set 3: lithium heparin gel tube for plasma magnesium, potassium,
calcium, albumin, phosphate, bicarbonate, CRP, and 2x EDTA tube for hemoglobin and PTH; set A: serum
tube for biobanking in participants who provided additional informed consent; set B: 2x EDTA tube for
biobanking in participants who provided additional informed consent; ECG: pre-dialysis electrocardiography;
Questionnaire: 7-point yes or no questionnaire to ask if a participant experienced the following symptoms in
the last week: nausea, vomiting, dizziness, drowsiness, reduced muscle strength, itching and leg cramps, in
addition at baseline a question about chronic diarrhea and over-the-counter use of magnesium supplements
is included; 3DDD: 3-days dietary diary including 1 dialysis weekday, 1 non-dialysis weekday, 1 non-dialysis
weekend day; Holter: 48-hours electrocardiography registration including 1 dialysis session and 1
interdialytic interval; PWV: pulse wave velocity measurement before the mid-week dialysis session.
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B SPIRITV

STANDARD PROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Section/item Item Description

No

Addressed on page

Administrative information

Title 1
Trial 2a
registration

2b
Protocol 3
version
Funding 4
Roles and 5a
responsibilities

5b

5c

Descriptive title identifying the study design, population, interventions, and, if applicable, trial
acronym

Trial identifier and registry name. If not yet registered, name of intended registry
All items from the World Health Organization Trial Registration Data Set

Date and version identifier

Sources and types of financial, material, and other support
Names, affiliations, and roles of protocol contributors
Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study design; collection, management, analysis, and
interpretation of data; writing of the report; and the decision to submit the report for publication,
including whether they will have ultimate authority over any of these activities
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1

2

3

4 5d  Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint N/A
5 adjudication committee, data management team, and other individuals or groups overseeing the

? trial, if applicable (see Item 21a for data monitoring committee)

8 .

9 Introduction

1(1) Background 6a  Description of research question and justification for undertaking the trial, including summary of 4-5
12 and rationale relevant studies (published and unpublished) examining benefits and harms for each intervention

13

14 6b  Explanation for choice of comparators 6-7
15

16 Objectives 7 Specific objectives or hypotheses 5
17

18 Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single 5,10
19 group), allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory)

20

21

22

23

24 Methods: Participants, interventions, and outcomes

25

26 Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where 5-6
27 data will be collected. Reference to where list of study sites can be obtained

28

29 Eligibility 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and Table 1
30 criteria individuals who will perform the interventions (eg, surgeons, psychotherapists)

31

32 Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they  6-7
;i will be administered

;2 11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug 8-9
37 dose change in response to harms, participant request, or improving/worsening disease)

38

39

40

41

42
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Outcomes

Participant
timeline

Sample size

Recruitment

11c

11d
12

14

15
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Strategies to improve adherence to intervention protocols, and any procedures for monitoring
adherence (eg, drug tablet return, laboratory tests)

Relevant concomitant care and interventions that are permitted or prohibited during the trial

Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic
blood pressure), analysis metric (eg, change from baseline, final value, time to event), method of
aggregation (eg, median, proportion), and time point for each outcome. Explanation of the clinical
relevance of chosen efficacy and harm outcomes is strongly recommended

Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and
visits for participants. A schematic diagram is highly recommended (see Figure)

Estimated number of participants needed to achieve study objectives and how it was determined,
including clinical and statistical assumptions supporting any sample size calculations

Strategies for achieving adequate participant enrolment to reach target sample size

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence
generation

Allocation
concealment
mechanism

Implementati
on

16a

16b

16¢c

Method of generating the allocation sequence (eg, computer-generated random numbers), and list
of any factors for stratification. To reduce predictability of a random sequence, details of any
planned restriction (eg, blocking) should be provided in a separate document that is unavailable to
those who enrol participants or assign interventions

Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered,
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are
assigned

Who will generate the allocation sequence, who will enrol participants, and who will assign
participants to interventions
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1

2

3

4 Blinding 17a  Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 10
5 (masking) assessors, data analysts), and how

6

7 17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a 10-11
g participant’s allocated intervention during the trial

10 Methods: Data collection, management, and analysis

11

12 Data collection 18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 7-8, 11
12 methods processes to promote data quality (eg, duplicate measurements, training of assessors) and a

15 description of study instruments (eg, questionnaires, laboratory tests) along with their reliability and

16 validity, if known. Reference to where data collection forms can be found, if not in the protocol

17

18 18b Plans to promote participant retention and complete follow-up, including list of any outcome datato 11
19 be collected for participants who discontinue or deviate from intervention protocols

20

21 Data 19 Plans for data entry, coding, security, and storage, including any related processes to promote data 11
;g management quality (eg, double data entry; range checks for data values). Reference to where details of data

>4 management procedures can be found, if not in the protocol

;Z Statistical 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other 11
27 methods details of the statistical analysis plan can be found, if not in the protocol

28

29 20b Methods for any additional analyses (eg, subgroup and adjusted analyses) 11
30

31 20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), 11
32 and any statistical methods to handle missing data (eg, multiple imputation)

33

34 Methods: Monitoring

35

36

37

38

39

40

41

42
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Data monitoring 21a

21b
Harms 22
Auditing 23
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Composition of data monitoring committee (DMC); summary of its role and reporting structure;
statement of whether it is independent from the sponsor and competing interests; and reference to
where further details about its charter can be found, if not in the protocol. Alternatively, an
explanation of why a DMC is not needed

Description of any interim analyses and stopping guidelines, including who will have access to
these interim results and make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported
adverse events and other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and whether the process will be
independent from investigators and the sponsor

Ethics and dissemination

Research 24
ethics approval
Protocol 25
amendments
Consent or 26a
assent

26b

Confidentiality 27

Plans for seeking research ethics committee/institutional review board (REC/IRB) approval

Plans for communicating important protocol modifications (eg, changes to eligibility criteria,
outcomes, analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial
registries, journals, regulators)

Who will obtain informed consent or assent from potential trial participants or authorised surrogates,
and how (see Item 32)

Additional consent provisions for collection and use of participant data and biological specimens in
ancillary studies, if applicable

How personal information about potential and enrolled participants will be collected, shared, and
maintained in order to protect confidentiality before, during, and after the trial
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Declaration of 28
interests

Access to data 29

Ancillary and 30
post-trial care

Dissemination 31a
policy

31b
31c

Appendices

Informed 32
consent
materials

Biological 33
specimens

BMJ Open

Financial and other competing interests for principal investigators for the overall trial and each study 15

site

Statement of who will have access to the final trial dataset, and disclosure of contractual
agreements that limit such access for investigators

Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm
from trial participation

Plans for investigators and sponsor to communicate trial results to participants, healthcare
professionals, the public, and other relevant groups (eg, via publication, reporting in results
databases, or other data sharing arrangements), including any publication restrictions

Authorship eligibility guidelines and any intended use of professional writers

Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical
code

Model consent form and other related documentation given to participants and authorised
surrogates

Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or
molecular analysis in the current trial and for future use in ancillary studies, if applicable

N/A

N/A

12

N/A
N/A

N/A

7-8, Figure 2

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on
the items. Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative
Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://www.creativecommons.org/licenses/by-nc-nd/3.0/
http://www.creativecommons.org/licenses/by-nc-nd/3.0/

BMJ Open

BM) Open

Magnesium in chronic hemodialysis (MAGIC-HD): a study
protocol for a randomized controlled trial to determine
feasibility and safety of using increased dialysate
magnesium concentrations to increase plasma magnesium
concentrations in people treated with hemodialysis.

Journal:

BMJ Open

Manuscript ID

bmjopen-2022-063524.R1

Article Type:

Protocol

Date Submitted by the
Author:

01-Aug-2022

Complete List of Authors:

Leenders, Nicoline; Vrije Universiteit Amsterdam, Department of
Nephrology, Amsterdam Cardiovascular Sciences

Douma, Caroline; Spaarne Gasthuis Hoofddorp, Department of
Nephrology

Hoenderop, Joost; Radboudumc, Department of Physiology, Radboud
Institute for Molecular Life Sciences

Vervloet, Marc; Amsterdam UMC location Vrije Universiteit Amsterdam,
Department of Nephrology, Amsterdam Cardiovascular Sciences

<b>Primary Subject
Heading</b>:

Renal medicine

Secondary Subject Heading:

Research methods

Keywords:

Dialysis < NEPHROLOGY, NEPHROLOGY, Nephrology < INTERNAL
MEDICINE, End stage renal failure < NEPHROLOGY

SCHOLARONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




Page 1 of 27 BMJ Open

Magnesium in chronic hemodialysis (MAGIC-HD): a study protocol for a

randomized controlled trial to determine feasibility and safety of using
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increased dialysate magnesium concentrations to increase plasma

10 magnesium concentrations in people treated with hemodialysis.
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Abstract

Introduction

People treated with hemodialysis are at increased risk for all-cause and cardiovascular
mortality. Plasma magnesium concentration has been inversely associated with these risks.
Therefore, plasma magnesium may be a new modifiable risk factor and an increase of
dialysate magnesium concentration may be an easy, safe and effective way to increase
plasma magnesium concentrations. Detailed information on modulating dialysate
magnesium concentrations is limited in literature. Primary objective of this study is to
determine the safety and feasibility to increase plasma magnesium concentrations in people
treated with hemodialysis by means of sequentially increasing concentration of magnesium
in the dialysate.

Methods and analysis

In this randomized double blinded standard of care controlled trial, fifty-three persons
treated with hemodialysis, will be randomly allocated 2:1 to either a step-wise individually
titrated increase of dialysate magnesium concentration from 0.50 to 0.75 to 1.00 mmol/L
during 8 weeks, or a standard dialysate magnesium concentration of 0.50 mmol/L. Other
study measurements include dietary records, questionnaires, electrocardiography (ECG),
Holter registration and pulse wave velocity. The primary endpoint is pre-dialysis plasma
magnesium after the long interdialytic interval at the end of week 8. In addition, the
predictive effect of dialysate magnesium concentration and other baseline parameters and
dialysis characteristics on plasma magnesium concentration, will be explored using linear
mixed models. Safety endpoint is defined by the occurrence of hypermagnesemia above
1.25 mmol/L, or bradycardia or prolonged QTc interval detected on the ECG.

Ethics and dissemination

The study is conducted in accordance with the declaration of Helsinki as revised in 2013 and
was approved by the Ethical Committee of the VU University Medical Center. The results of
the study will be disseminated by publication in peer-reviewed scientific journals and
presentation at national or international conferences in the field of interest.

Trial registration number

NTR 6568 / NL6393
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Strengths and limitations
e Blinding and randomization prevents bias occurring from differences in life-style

between groups, and enables objective collection and processing of data

oNOYTULT D WN =

9 e Dialysate concentrations will be individually titrated based on individual plasma

11 magnesium concentrations by an independent physician

13 e Not only the effects of dialysate magnesium concentrations on plasma magnesium
concentrations will be determined, but also the factors that are predictive for these
effects

18 e Major limitation is that the study will not provide information on clinical outcomes

20 including cardiovascular events and mortality, due to limited study duration
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Introduction

People with chronic kidney disease (CKD) including those treated with dialysis are at
increased risk for all-cause and cardiovascular mortality.! This increased risk persists after
adjustment for traditional cardiovascular risk factors, indicating that other kidney specific
factors contribute to the cardiovascular risk.! Recently, lower magnesium has been
identified as a potential novel risk factor.2 Magnesium is involved in many physiological
functions, including energy metabolism and regulation of transmembrane transport of ions
and consequently, it is essential for muscle function, cardiac rhythm and vascular tone.3 In a
meta-analysis of studies in people with CKD including those on dialysis, we showed that
plasma magnesium concentration is inversely associated with all-cause and cardiovascular
mortality, and that this not only applies for normal compared to low magnesium, but also
revealed protective effects of magnesium above as compared to within the reference range
(generally 0.70 — 1.05 mmol/L).* Magnesium concentration is also inversely associated with
the risk for sudden death and with arrhythmia in people treated with hemodialysis.>” In the
general population, serum magnesium has been inversely associated with frequent or
complex premature complexes, which predict prognosis including all-cause mortality in the
general population.® ® Moreover, serum magnesium was inversely associated with pulse
wave velocity (PWV) in people treated with maintenance hemodialysis,'° and in a short
randomized cross-over study in people treated with hemodialysis, higher dialysate
magnesium concentration compared to standard dialysate magnesium concentration
decreased pulse wave velocity.!! PWV is a marker of vascular stiffness and a strong
predictor of cardiovascular outcome in people with CKD stage 4-5D.1% In most studies that
included multiple categories of plasma magnesium concentration in people with CKD
including those treated with dialysis, there was a monotonic inverse association between
magnesium and all-cause mortality.* We previously showed that a commonly used dialysate
magnesium concentration of 0.50 mmol/L in hemodialysis, usually induces a decline of
magnesium towards magnesium concentrations in the lower range of normal.!3 Therefore,
an increase of dialysate magnesium concentration, may be an easy, safe and effective way
to increase plasma magnesium concentrations in people treated with hemodialysis, without
the need of oral supplementation. The results of one observational study suggest that there
may be an optimal concentration of plasma magnesium in-between 1.15-1.27 mmol/L, with

an increasing risk for mortality if magnesium values exceed this range.'* Although these
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findings were not confirmed by other studies that included magnesium values in this high
range, this requires to take into account safety when increasing plasma magnesium
concentrations.® > 16 |n a previous 4-weeks trial by Bressendorf et al., increasing dialysate
magnesium concentration from 0.50 to 1.00 mmol/L resulted in a 0.4 mmol/L increase of
plasma magnesium concentration (95%-Cl 0.3-0.5).%” Here, we describe a randomized
standard-of-care controlled trial of step-wise increment of dialysate magnesium
concentration in people treated with hemodialysis. Primary objective is to determine the
feasibility to increase plasma magnesium concentrations in individuals treated with
hemodialysis by means of sequentially increasing concentration of magnesium in the
dialysate. Secondary objectives are to determine safety of using higher dialysate magnesium
concentrations, the effect of dialysate magnesium on plasma magnesium concentration,
and to define which parameters are predictive for the increment of plasma magnesium
concentration by increasing dialysate magnesium. We will also explore the effects of using

higher dialysate magnesium on cardiac rhythm and pulse wave velocity.

Methods

Trial design

In this randomized, double-blind, standard of care (SOC) controlled multi-center trial,
individuals treated with hemodialysis will be randomly allocated to either a stepwise
increase of dialysate magnesium concentration from 0.50 to 1.00 mmol/L, or continue on a
standard dialysate magnesium concentration of 0.50 mmol/L. The protocol was written in
accordance with the Standard Protocol ltems: Recommendation for Interventional Trials

(SPIRIT) and registered at www.trialregister.nl (registration number NTR 6568 / NL6393).%8

The study is conducted in accordance with the declaration of Helsinki as revised in 2013 and
was approved by the Ethical Committee of the VU University Medical Center (registration

number 2017.408, NL62679.029.17).

Characteristics of participants and recruitment
Adult persons treated with hemodialysis on a 3-times weekly dialysis schedule, will be
enrolled in the study. The in- and exclusion criteria are listed in table 1. Participants will be

recruited from multiple centers in the Netherlands, including Amsterdam University Medical
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Center location VU Medical Center, Amsterdam; Diapriva dialysis center, Amsterdam;
Niercentrum aan de Amstel, Amstelveen; and Spaarne Gasthuis, Hoofddorp. Participants

need to provide written informed consent prior to enroliment.

Table 1. Inclusion and exclusion criteria
Inclusion criteria

o Age 218 years

e Hemodialysis with regular three times weekly dialysis schedule

e Hemodialysis since at least 3 months

e Standard dialysate magnesium concentration 0.50 mmol/L

e Providing informed consent

e Pre-dialysis plasma magnesium concentration < 1.00 mmol/L after the long intra-dialytic
interval

Exclusion criteria

e Intravenous magnesium supplementation (including total parenteral nutrition) in the last 2
weeks

e Expected cessation of dialysis treatment within three months after inclusion or expected
permanent or temporary dialysis center switch to a center not participating in the trial
within three months after inclusion.

e Prolongation of QTc interval: male >450 ms or female >460 ms on baseline ECG

e Bradycardia: heart rate below 60 beats per minute on baseline ECG

e Chronic arrythmia or cardiac conduction disorder other than atrial fibrillation or ventricular
extrasystole that poses the patient at risk at the discretion of the treating physician.

e Change of proton pump inhibitor prescription in the last 2 weeks

In order to be eligible to participate in this study, a subject must meet all of the inclusion criteria. A potential
subject who meets any of the exclusion criteria will be excluded from participation in this study.

Intervention

In the intervention group, dialysate magnesium is increased stepwise, from 0.50 mmol/L at
baseline, to 0.75 mmol/L during week 1-4, and to 1.00 mmol/L during week 5-8. The
participant proceeds to the next increment step of dialysate magnesium concentration after
week 4 only if pre-dialysis plasma magnesium after the long interdialytic interval is below
1.15 mmol/L in week 4. Otherwise, the dialysate magnesium concentration of 0.75 mmol/L
is continued in week 5-8. After week 8, dialysate magnesium will be gradually reduced with
0.25 mmol/L in week 9 and thereafter return to the standard dialysate magnesium
concentration of 0.50 mmol/L in week 10.

Participants in the control group are treated with a standard dialysate magnesium
concentration of 0.50 mmol/L. (see Figure 1)

The dialysate contains a potassium concentration of 2 or 3 mmol/L, as determined in

routine care by the treating physician based on individual needs. For the respective
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magnesium concentrations, six dialysis concentrates are used in weeks 1-9 (Hemodialysis A-
concentrate, D761, D987, D907, D283, D961 and D908, MTN Neubrandenburg GmbH,
Neubrandenburg, Germany). In the mineral composition of these concentrates, besides
potassium based on individual needs, only the amount of magnesium chloride is different.

Calcium concentration is these dialysates 1.25 mmol/L and the acidifier is acetate.”

Study procedures and participant time line

The study procedures and participant time line are shown in Figure 2. After informed
consent is provided by participants that meet in- and exclusion criteria, blood sampling and
electrocardiography (ECG) are performed at baseline. Eligible persons meeting the criteria
for plasma magnesium and ECG, as provided in table 1, are allocated to the either SOC or
incremental magnesium dialysate. During the trial, blood sampling will be performed before
and after the dialysis sessions following the long interdialytic interval weekly, and every
dialysis session in week 1 and 5 to measure plasma magnesium concentration. In addition,
in week 1, 5 and 9, blood is collected for measurements of potassium, bicarbonate, calcium,
albumin, phosphate, parathyroid hormone (PTH), hemoglobin and C-reactive protein (CRP).
For laboratory measurements, standard methods of the local laboratory are used.
Participants record dietary intake for 3-days at baseline. From this record, dietary
magnesium intake is extracted using the Dutch Food Composition Database (NEVO) by using
the calculator on the website of the Dutch Nutrition Center.'® 20 A questionnaire regarding
the presence of subjective symptoms that can be associated with hypermagnesemia is
completed at baseline, week 4 and 8. This is a 7-point yes or no questionnaire to ask if a
participant experienced the following symptoms in the last week: nausea, vomiting,
dizziness, drowsiness, reduced muscle strength, itching and leg cramps, and at baseline, also
a question about chronic diarrhea and over-the-counter use of magnesium supplements is
included. An electrocardiogram (ECG) is repeated before dialysis in week 4 and 8 to
determine heart rhythm, frequency and QTc interval. In addition, at baseline and in week 8,
participants undergo continuous heart rhythm monitoring and pulse wave velocity (PWV)
measurements. Heart rhythm monitoring is performed using a Holter recorder (Fysiologic,
Amsterdam, The Netherlands) for 48 hours including one dialysis sessions and one
interdialytic period. Carotid-femoral PWV is measured using the Sphygmocor tonometer

(Atcor Medical Pty Ltd, Software version 9.0, Sydney, Australia) preceding the midweek
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dialysis sessions. Participants are requested to avoid coffee, tea and smoking for 4 hours,
and alcohol for 12 hours preceding the measurements, as is recommended by the
manufacturer of the device. The patient is placed in supine position, in a quiet environment
at room temperature. After attachment of ECG electrodes and bedrest for at least 5
minutes, blood pressure is measured with an automated Omron device at least 3 times with
a few minutes in-between, and until no substantial change occurs. Then, the last blood
pressure measurement is recorded. The carotid to femoral artery distance is measured
directly and multiplied by 0.8 to estimate the difference between cardiac-carotid and
cardiac-femoral distance as recommended by expert consensus.?! The pulse wave is
recorded using the tonometer at the carotid and femoral site and then PWV is calculated
automatically by the Sphygmocor software from entered blood pressure, distance and ECG
and tonometer recordings. Measurements are performed at least twice or until two
measurements are of appropriate quality. A measurement is considered of sufficient quality
based on the criteria set by the manufacturer: adequate shape of detected signal of ECG
and pulse wave, difference of heart rate <5 bpm between carotid and femoral
measurement, ECG R-tops and pulse wave beginning are correctly identified by the
software, and standard deviations of the ECG to carotid and of ECG to femoral time are both
<6%. PWV measurement is not performed in participants with irregular heart rhythm,
pacemaker rhythm, atrial fibrillation or flutter, heart frequency below 40 or above 160 bpm,
2"d or 37 degree atrioventricular block, severe aortic valve stenosis or instable carotid
plague, as contra-indicated by the manufacturer. Furthermore, persons’ characteristics are
recorded at baseline and characteristics of the dialysis are recorded at baseline and weekly
for the time of dialysis after the long interdialytic interval and for every dialysis during the
first and fifth week of intervention. Recorded dialysis characteristics include modality
(hemodialysis or hemodiafiltration), vascular access (catheter, fistula or graft), estimation of
dialysis efficiency (Kt/Vurea per session according to Daugirdas' formula), treatment time
per session, blood flow, dialysate flow and ultrafiltration volume. Medication use and
dosage is recorded at baseline and at week 8. During the trial, all participants receive three
times weekly hemodialysis sessions according to their regular schedule. Changes of dialysis
schedule during the study will be avoided as much as possible if there is no medical

indication to change the scheme. Also, changes in prescription of proton pump inhibitors
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and magnesium-containing supplements, laxatives and phosphate binders will be avoided if

clinically allowed.

Safety monitoring

If participants in the intervention group reach a plasma magnesium of 1.25 mmol/L or
above, as noted by an unblinded independent nephrologist not involved in the trial (see
below), at any time point during follow-up in week 1 to 8, dialysate magnesium
concentration will be reduced to the previous level in the next week. If plasma magnesium
remains 1.25 mmol/L or above in the next week in intervention phase 2 (week 5-8),
dialysate magnesium is further reduced one step (to 0.50 mmol/L). If a participant develops
bradycardia with heart rate below 50 beats per minute (bpm), or prolonged QTc interval
(>450 ms in male or >460 ms in female), noticed on electrocardiography (ECG) in week 4,
dialysate magnesium concentration is also reduced to the previous step. (Figure 1) Plasma
magnesium above 1.25 mmol/L, bradycardia < 50 bpm and prolonged QTc will be recorded
as adverse event (AE). Serious adverse events (SAE’s) will be recorded and reported to the

primary investigator and medical ethical committee.

Main endpoints

Primary endpoint is pre-dialysis plasma magnesium concentration after the long
interdialytic interval at the end of week 8, in the intervention group compared to the
control group. The change of pre-dialysis plasma magnesium concentration after the long
interdialytic interval from baseline to the end of week 8, will also be determined in the

intervention group compared to the control group.

Secondary endpoints

Post-dialysis plasma magnesium concentrations after the dialysis sessions following the long
interdialytic interval will also be determined. Safety endpoint is the safety of using higher
magnesium concentrations in the dialysate, as indicated by the incidence of respectively
hypermagnesemia (>1.25 mmol/L) at any timepoint, or bradycardia (defined as heart rate
below 60 bpm) or prolonged duration of QTc interval (>450ms in male or >460ms in female)
identified on the ECG in week 4 or 8. Other explorative endpoints include the change of

PWYV from baseline to week 8; and the number of complex premature ventricular complexes
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(complex PVC'’s), premature atrial complexes (PAC’s), and heart rate variability as detected
with Holter ECG monitoring. Complex PVC's are defined as PVC’s that are multiform,
repetitive or have a frequency of >30/h.2 Furthermore, the following outcomes will be
recorded: subjective symptoms that can be associated with hypermagnesemia determined
from self-reporting in questionnaires in week 4 and 8; hospitalization; mortality; and
cardiovascular events that lead to hospitalization or mortality including arrhythmia, cardiac
arrest, acute coronary syndrome, cerebrovascular accident, and hemorrhage from ruptured

aneurysms of the abdominal aorta.

Blinding and randomization

Participants that fulfill all screening criteria, will be randomly allocated 2:1 in tranches of 6
to either the intervention group or the control group by the pharmacy according to a
computer-generated random list. Participants, treating physicians, nurses and researchers
are blinded to treatment allocation. Dialysate cannisters are re-labelled by the pharmacy for
the individual participant per individual study week. Labels include information on
participant name, date of birth, study week and dialysate potassium concentration, but no
further information on dialysate composition. For the first study week, the pharmacy
chooses the appropriate dialysate concentrate based on treatment allocation and the in
routine individual care determined potassium concentration. From week 2 on, one
independent nephrologist that is not blinded for treatment allocation, weekly decides upon
the dialysate magnesium concentration, after review of plasma magnesium concentrations
according to the algorithm shown in Figure 1. The pharmacy then re-labels the dialysate as

prescribed by the independent nephrologist.

Sample size calculation

We previously performed a study to determine plasma magnesium concentrations and
variability in people receiving 3-times weekly hemodialysis treatment with a standard
dialysate magnesium concentration of 0.50 mmol/L.23 That study showed a mean pre-
dialysis plasma magnesium concentration of 0.88 + 0.14 mmol/L.'3 After excluding pre-
dialysis magnesium levels above 1.00 mmol/L from the analysis, mean pre-dialysis plasma
magnesium level was 0.83 mmol/L in that study population. Based on these results, we

expect a mean plasma magnesium concentration of 0.83 + 0.14 mmol/L in the control
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group. Based on the results from the CONTRAST cohort analysis, in which plasma
magnesium was associated with all-cause and cardiovascular mortality, we consider an
increase of plasma magnesium concentration to 0.96 mmol/L in the intervention group
relevant, which is a 0.13 mmol/L rise.”> The required sample size calculated for two
independent groups, based on the values just mentioned, a power of 0.80, probability of
0.05, and 2:1 randomization, would be 28 in the intervention and 14 in the control group. To
account for an estimated drop-out of 20%, the required sample size is 53 participants in

total: 35 in the intervention and 18 in the control group.

Statistical analysis

Continuous variables will be expressed as mean and standard deviation (SD) for normally
distributed variables or median and interquartile range (Q1-Q3) for non-parametric
distributed variables. Categorical variables will be presented as number and percentage. The
primary endpoint, pre-dialysis plasma magnesium after the long interdialytic interval at the
end of week 8, will be compared between the intervention and control group, using
univariable analysis with an unpaired Student’s t-test if variables are normally distributed (if
necessary after logarithmic transformation) and with Mann-Whitney U test if variables are
non-normally distributed. The analysis is performed as intention to treat, including all
participants that are still in study follow-up at week 8. The change of plasma magnesium
from baseline to week 8, is first analyzed within each group using a paired Student’s t-test,
and then the difference from baseline to week 8 (delta) is compared between the groups
using linear mixed models. The predictive effect of dialysate magnesium concentration and
other baseline parameters and dialysis characteristics on plasma magnesium concentration,
will be explored in two separate analyses (for pre-dialysis and post-dialysis concentration)
using linear mixed models. In addition, we will explore which parameters are predictive for
the increment of plasma magnesium concentration from baseline to week 8 after
sequentially increasing dialysate magnesium concentration, using linear mixed models. For
secondary endpoints, univariable analysis for within-group changes and between-group
differences will be performed using respectively paired and unpaired Student’s t-test or
Mann-Whitney U tests for continuous variables, and chi-quadrate or Fisher’s exact test for
dichotomous variables. Linear mixed models will be used for multivariable analysis of

secondary endpoints with repeated measures.
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Data management

Data is recorded in electronic case report forms using the webbased software Castor EDC
(Amsterdam, The Netherlands). All data is stored in coded form. The identification key is

stored at the local study site only. Randomization codes are stored at the pharmacy. The

randomization code will not be broken until follow-up of all participants is completed.

Dissemination
The results of this study will be offered for publication in international peer-reviewed
journals. In addition, the results can be presented at national and international conferences

and meetings in the field.

Patient and public involvement

This study protocol was reviewed and approved by the Dutch Kidney Foundation (DKF). A
patient panel of the Dutch Renal Patients Association is involved in the review of research
protocols submitted to the DKF. Investigators will communicate results to participants once

the final results become available. The results will also be shared with patient organizations.

Discussion

This study aims to determine feasibility, safety, and predictive parameters for the effect of
using dialysate with higher magnesium concentration to increase plasma magnesium
concentrations in people treated with hemodialysis. In addition, this study will explore

effects of using higher dialysate magnesium on cardiac rhythm and pulse wave velocity.

Relation with previous studies

In a previous study, we demonstrated that a commonly used dialysate magnesium
concentration of 0.50 mmol/L generally induces a decline of plasma magnesium
concentrations towards concentrations in the lower range of normal.!3 Detailed information
in literature on the effects of increasing dialysate magnesium concentration on pre- and
post-dialysis plasma magnesium concentrations and safety is sparse. Two other studies

showed that a dialysate magnesium concentration of 0.75 mmol/L generally resulted in a
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relatively stable plasma magnesium concentration, with a mean pre-dialysis concentration
of 1.2 mmol/L and mean post-dialysis concentrations of 1.1 up to 1.2 mmol/L.?> 23 In
another trial, a 4-weeks single-step increment of dialysate magnesium concentration from
0.50 to 1.00 mmol/L resulted in a 0.4 mmol/L increase (95%-Cl 0.3-0.5) of pre-dialysis
plasma magnesium concentration and a mean pre-dialysis plasma Mg concentration of 1.4 +
0.2 mmol/L .17 That study did not perform ECG nor Holter monitoring. As outlined in the
introduction, an observational study in people treated with hemodialysis found an inverse
association between plasma magnesium concentrations and arrhythmia.” Moreover, in a
short randomized cross-over study in people treated with hemodialysis, a dialysate
magnesium concentration of 0.75 mmol/L compared to 0.50 mmol/L decreased pulse wave

velocity.!!

Strengths and limitations

The strengths of this study protocol are the blinding and randomization. Although the
primary outcome is an objective outcome measure, blinding and randomization are
essential to prevent bias occurring from changes in life styles including dietary magnesium
intake. In addition, it is of relevance for objective collection and processing of data from
guestionnaires, pulse wave velocity measurements, electrocardiography, and reporting of
SAE’s. Another strength of this protocol is that dialysate magnesium concentration will be
individually titrated based on individual plasma magnesium concentrations. In addition, not
only the effect of dialysate magnesium will be determined, but also other factors that are
predictive for this effect will be determined. The major limitation of this protocol, is that the
study will not provide information on clinical outcomes including cardiovascular events and

mortality, due to a limited duration of the study.

Potential impact

The study described in this protocol may provide relevant information on the effect of
dialysate magnesium on plasma magnesium concentrations, the strategy for titration of
dialysate magnesium based on individual needs, the safety of increasing plasma magnesium
concentrations, and about factors that are predictive for the effect of dialysate magnesium
on plasma magnesium concentration. This information may enable to safely increase plasma

magnesium concentrations by individualized dialysate magnesium concentrations. In
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addition, this study will provide explorative data about the effects of increased dialysate
magnesium concentration on intermediate cardiovascular outcomes including cardiac
rhythm and PWV. The information provided by this study, may pave the way to larger long-
term randomized controlled trials on the effects of increasing plasma magnesium
concentrations on clinical outcomes including all-cause and cardiovascular mortality in
people treated with hemodialysis. If plasma magnesium indeed improves clinically relevant
outcomes, and can be safely increased by means of individualized increasing dialysate
magnesium concentrations, potentially large health benefits may be achieved if magnesium
is increased slightly above the reference range by an increase of dialysate magnesium
concentration. If so, the cost-effect ratio is likely low, as raising magnesium concentration is
an inexpensive intervention. In addition, it would be an easy intervention that needs no
additional patient effort and no oral supplementation would be needed in these persons
that already experience a high pill burden. Therefore, the study described in this protocol
may provide information of high relevance to patients, clinicians and health care providers
and may eventually help to decrease morbidity and mortality in people treated with

hemodialysis.

Safety considerations

Plasma magnesium concentrations are expected to rise up to values above the reference
range by the increase of dialysate magnesium concentration. However, clinical symptoms of
hypermagnesemia, typically are not observed before plasma magnesium concentrations
exceed 2.0 mmol/L, which is high above the target concentrations in this study. Reported
symptoms of hypermagnesemia (if plasma concentrations are above 2.0 mmol/L) include
lethargy, drowsiness, flushing, nausea and vomiting , and diminished deep tendon
reflexes.?* In even more severe hypermagnesemia (plasma concentrations above 3.0
mmol/L) also somnolence, loss of deep tendon reflexes, hypotension and ECG changes can
occur, and in extreme hypermagnesemia (above 5.0 mmol/L) complete heart block, cardiac
arrest, apnea, paralysis and coma have been reported?. As a result of hemodialysis inherent
techniques, the increment of (free) plasma magnesium is restricted by its concentration in
the dialysate (maximally 1.00 mmol/L in this study), so overshoot to symptomatic
concentrations is virtually impossible. The risk for severe or symptomatic hypermagnesemia

is further minimized by intensive monitoring. As dialysate magnesium concentration is not
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further increased after a plasma magnesium concentration of 1.15 mmol/L is reached, and
is reduced if plasma concentrations of 1.25 mmol/L are reached at any time point, severe or
symptomatic hypermagnesemia will be prevented. These maximal target concentrations are
set taking into account an observational study in people treated with hemodialysis that
suggested an optimal magnesium concentration in-between 1.15-1.27 mmol/L and
increased risk for mortality if magnesium exceeds 1.27 mmol/L.1* Furthermore, for safety
reasons, individuals with bradycardia or a prolonged QTc interval on the ECG at baseline will
be excluded from participation, and in individuals with bradycardia with a heart rate below
50 bpm or a prolonged QTc interval identified on the ECG in week 4, dialysate magnesium
will be reduced. Based on these careful methods, the risk for individuals participating in this
study is low. Considering the limited burden and risks associated with this study and a
possible highly-relevant contribution to future improvement of treatment and prognosis in
people treated with hemodialysis, the potential benefits outweigh the burden and possible

risks.

Trial status
The trial is currently ongoing. The first participant was randomized on the 4th of April 2018

and up till now 43 of 53 participants have been randomized.

Funding

This work was supported by the Dutch Kidney Foundation (PhD grant no. 150P02) and the
PPP Allowance made available by Top Sector Life Sciences & Health to The Dutch Kidney
Foundation to stimulate public-private partnerships (grant no. LSHM17034-HSGF).

Conflicts of interest statement
MV received research grants from Vifor, Amgen, Fresenius, and acted as consultant for
Medice, Astra Zeneca, Vifor, Amgen, Fresenius, Otsuma, Kyowa Kirin. The other authors

declare no conflicts of interest.

Authors contributions

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open Page 16 of 27

NL, MV and JH conceived the study. NL, MV and CD designed the study. NL wrote the
manuscript and MV, JH and CD revised the manuscript. Each author approved the final version

of the manuscript.

References

1. Gansevoort RT, Correa-Rotter R, Hemmelgarn BR, et al. Chronic kidney disease and
cardiovascular risk: epidemiology, mechanisms, and prevention. Lancet. Jul 27 2013;382(9889):339-
52. d0i:10.1016/S0140-6736(13)60595-4

2. Leenders NHJ, Vervloet MG. Magnesium: A Magic Bullet for Cardiovascular Disease in Chronic
Kidney Disease? Nutrients. Feb 22 2019;11(2):455. doi:10.3390/nu11020455

3. Jahnen-Dechent W, Ketteler M. Magnesium basics. Clin Kidney J. Feb 2012;5(Suppl 1):i3-i14.
doi:10.1093/ndtplus/sfr163

4. Leenders NHJ, Vermeulen EA, van Ballegooijen AJ, et al. The association between circulating
magnesium and clinically relevant outcomes in patients with chronic kidney disease: A systematic
review and meta-analysis. Clin Nutr. May 2021;40(5):3133-3147. d0i:10.1016/j.cInu.2020.12.015

5. de Roij van Zuijdewijn CL, Grooteman MP, Bots ML, et al. Serum Magnesium and Sudden Death in
European Hemodialysis Patients. PLoS One. 2015;10(11):e0143104.
doi:10.1371/journal.pone.0143104

6. Lacson E, Jr.,, Wang W, Ma L, Passlick-Deetjen J. Serum Magnesium and Mortality in Hemodialysis
Patients in the United States: A Cohort Study. Am J Kidney Dis. Dec 2015;66(6):1056-66.
doi:10.1053/j.ajkd.2015.06.014

7. Tumlin JA, Roy-Chaudhury P, Koplan BA, et al. Relationship between dialytic parameters and
reviewer confirmed arrhythmias in hemodialysis patients in the monitoring in dialysis study. BMC
nephrology. Mar 5 2019;20(1):80. doi:10.1186/s12882-019-1212-6

8. Tsuji H, Venditti FJ, Jr., Evans JC, Larson MG, Levy D. The associations of levels of serum
potassium and magnesium with ventricular premature complexes (the Framingham Heart Study).
The American journal of cardiology. Aug 1 1994;74(3):232-5.

9. Bikkina M, Larson MG, Levy D. Prognostic implications of asymptomatic ventricular arrhythmias:
the Framingham Heart Study. Annals of internal medicine. Dec 15 1992;117(12):990-6.

10.Yorifuji M, Kuragano T, Kawada S, Fukao W, Toyoda K, Nakanishi T. Factors associated with serum
magnesium and vascular stiffness in maintenance hemaodialysis patients. Hemodial Int. Jul

2018;22(3):342-350. d0i:10.1111/hdi.12625

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 17 of 27

oNOYTULT D WN =

BMJ Open

11.Del Giorno R, Lavorato Hadjeres S, Stefanelli K, et al. Consequences of Supraphysiological
Dialysate Magnesium on Arterial Stiffness, Hemodynamic Profile, and Endothelial Function in
Hemodialysis: A Randomized Crossover Study Followed by a Non-Controlled Follow-Up Phase. Adv
Ther. Dec 2020;37(12):4848-4865. d0i:10.1007/s12325-020-01505-9

12.Zoungas S, Cameron JD, Kerr PG, et al. Association of carotid intima-medial thickness and indices
of arterial stiffness with cardiovascular disease outcomes in CKD. Am J Kidney Dis. Oct
2007;50(4):622-30. doi:10.1053/j.ajkd.2007.07.012

13.Leenders NHJ, van Ittersum FJ, Hoekstra T, Hoenderop JGJ, Vervloet MG. Routine hemodialysis
induces a decline in plasma magnesium concentration in most patients: a prospective observational
cohort study. Scientific reports. Jul 6 2018;8(1):10256. doi:10.1038/s41598-018-28629-x
14.Sakaguchi Y, Fujii N, Shoji T, Hayashi T, Rakugi H, Isaka Y. Hypomagnesemia is a significant
predictor of cardiovascular and non-cardiovascular mortality in patients undergoing hemodialysis.
Kidney Int. Jan 2014;85(1):174-81. d0i:10.1038/ki.2013.327

15.Kurita N, Akizawa T, Fukagawa M, Onishi Y, Kurokawa K, Fukuhara S. Contribution of dysregulated
serum magnesium to mortality in hemodialysis patients with secondary hyperparathyroidism: a 3-
year cohort study. Clin Kidney J. Dec 2015;8(6):744-52. doi:10.1093/ckj/sfv097

16.Selim GN, Spasovski G, Tozija L, et al. Hypomagnesemia and cause-specific mortality in
hemodialysis patients: 5-year follow-up analysis. The International journal of artificial organs. Oct 13
2017;40(10):542-549. doi:10.5301/ijao.5000611

17.Bressendorff |, Hansen D, Schou M, Pasch A, Brandi L. The Effect of Increasing Dialysate
Magnesium on Serum Calcification Propensity in Subjects with End Stage Kidney Disease: A
Randomized, Controlled Clinical Trial. Clin J Am Soc Nephrol. Sep 7 2018;13(9):1373-1380.
doi:10.2215/CJN.13921217

18.Chan A-W, Tetzlaff JM, Ggtzsche PC, et al. SPIRIT 2013 explanation and elaboration: guidance for
protocols of clinical trials. BMJ : British Medical Journal. 2013;346:e7586. doi:10.1136/bmj.e7586
19.RIVM Rijksinstituut voor Volksgezondheid en Milieu. Dutch Food Composition Database NEVO-

online version 2019/6.0. https://nevo-online.rivm.nl

20.Voedingscentrum. Mijn Eetmeter. https://www.voedingscentrum.nl

21.Van Bortel LM, Laurent S, Boutouyrie P, et al. Expert consensus document on the measurement
of aortic stiffness in daily practice using carotid-femoral pulse wave velocity. Journal of hypertension.
Mar 2012;30(3):445-8. doi:10.1097/HJH.0b013e32834fa8b0

22 .Kyriazis J, Kalogeropoulou K, Bilirakis L, et al. Dialysate magnesium level and blood pressure.

Kidney Int. Sep 2004;66(3):1221-31. d0i:10.1111/j.1523-1755.2004.00875.x

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://nevo-online.rivm.nl
https://www.voedingscentrum.nl

oNOYTULT D WN =

BMJ Open

23.Truttmann AC, Faraone R, Von Vigier RO, Nuoffer JM, Pfister R, Bianchetti MG. Maintenance
hemodialysis and circulating ionized magnesium. Nephron. 2002;92(3):616-21. doi:64109
24.Topf JM, Murray PT. Hypomagnesemia and hypermagnesemia. Reviews in endocrine & metabolic

disorders. May 2003;4(2):195-206.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 27



Page 19 of 27

oNOYTULT D WN =

BMJ Open

Figure legends

Figure 1. Flow chart of the study intervention. Numbers within frames represent dialysate
magnesium concentrations in mmol/L. All other magnesium concentrations represent
plasma magnesium concentrations, also in mmol/L. Mg, magnesium; ECG;
electrocardiography; #, ECG criteria at baseline: bradycardia defined as heartrate <60 bpm
or prolonged QTc interval >450ms in male or >460ms in female; 22, ECG criteria in week 4:
bradycardia with heart rate <50 bpm or prolonged QTc interval >450ms in male or >460ms
in female; *, pre-dialysis plasma Mg concentration after the long interdialytic interval; **,
plasma Mg concentration at any time point (pre-dialysis and post-dialysis measurements

included).

Figure 2. Study procedures. dialysis 1, dialysis 2, dialysis 3: first, second, third dialysis
session after the long interdialytic interval of the week respectively; pre: pre-dialysis; post:
post-dialysis; blood sampling set 1: lithium heparin gel tube for plasma magnesium
measurement; set 2: lithium heparin gel tube for plasma magnesium and potassium
measurement; set 3: lithium heparin gel tube for plasma magnesium, potassium, calcium,
albumin, phosphate, bicarbonate, CRP, and 2x EDTA tube for hemoglobin and PTH; set A:
serum tube for biobanking in participants who provided additional informed consent; set B:
2x EDTA tube for biobanking in participants who provided additional informed consent;
ECG: pre-dialysis electrocardiography; Questionnaire: 7-point yes or no questionnaire to ask
if a participant experienced the following symptoms in the last week: nausea, vomiting,
dizziness, drowsiness, reduced muscle strength, itching and leg cramps, in addition at
baseline a question about chronic diarrhea and over-the-counter use of magnesium
supplements is included; 3DDD: 3-days dietary diary including 1 dialysis weekday, 1 non-
dialysis weekday, 1 non-dialysis weekend day; Holter: 48-hours electrocardiography
registration including 1 dialysis session and 1 interdialytic interval; PWV: pulse wave velocity

measurement before the mid-week dialysis session.
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Figure 1. Flow chart of the study intervention. Numbers within frames represent dialysate magnesium
concentrations in mmol/L. All other magnesium concentrations represent plasma magnesium concentrations,
also in mmol/L. Mg, magnesium; ECG; electrocardiography; 2, ECG criteria at baseline: bradycardia defined
as heartrate <60 bpm or prolonged QTc interval >450ms in male or >460ms in female; 24, ECG criteria in
week 4: bradycardia with heart rate <50 bpm or prolonged QTc interval >450ms in male or >460ms in
female; *, pre-dialysis plasma Mg concentration after the long interdialytic interval; **, plasma Mg
concentration at any time point (pre-dialysis and post-dialysis measurements included).
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Figure 2. Study procedures. dialysis 1, dialysis 2, dialysis 3: first, second, third dialysis session after the
long interdialytic interval of the week respectively; pre: pre-dialysis; post: post-dialysis; blood sampling set
1: lithium heparin gel tube for plasma magnesium measurement; set 2: lithium heparin gel tube for plasma
magnesium and potassium measurement; set 3: lithium heparin gel tube for plasma magnesium, potassium,
calcium, albumin, phosphate, bicarbonate, CRP, and 2x EDTA tube for hemoglobin and PTH; set A: serum
tube for biobanking in participants who provided additional informed consent; set B: 2x EDTA tube for
biobanking in participants who provided additional informed consent; ECG: pre-dialysis electrocardiography;
Questionnaire: 7-point yes or no questionnaire to ask if a participant experienced the following symptoms in
the last week: nausea, vomiting, dizziness, drowsiness, reduced muscle strength, itching and leg cramps, in
addition at baseline a question about chronic diarrhea and over-the-counter use of magnesium supplements
is included; 3DDD: 3-days dietary diary including 1 dialysis weekday, 1 non-dialysis weekday, 1 non-dialysis
weekend day; Holter: 48-hours electrocardiography registration including 1 dialysis session and 1
interdialytic interval; PWV: pulse wave velocity measurement before the mid-week dialysis session.
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B SPIRITV

STANDARD PROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Section/item Item Description

No

Addressed on page

Administrative information

Title 1
Trial 2a
registration

2b
Protocol 3
version
Funding 4
Roles and 5a
responsibilities

5b

5c

Descriptive title identifying the study design, population, interventions, and, if applicable, trial
acronym

Trial identifier and registry name. If not yet registered, name of intended registry
All items from the World Health Organization Trial Registration Data Set

Date and version identifier

Sources and types of financial, material, and other support
Names, affiliations, and roles of protocol contributors
Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study design; collection, management, analysis, and
interpretation of data; writing of the report; and the decision to submit the report for publication,
including whether they will have ultimate authority over any of these activities

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Title page

Abstract & 5
N/A
N/A

15
Title page
investigator initiated

N/A

Page 22 of 27



Page 23 of 27 BMJ Open

1

2

3

4 5d  Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint N/A
5 adjudication committee, data management team, and other individuals or groups overseeing the

? trial, if applicable (see Item 21a for data monitoring committee)

8 .

9 Introduction

1(1) Background 6a  Description of research question and justification for undertaking the trial, including summary of 4-5
12 and rationale relevant studies (published and unpublished) examining benefits and harms for each intervention

13

14 6b  Explanation for choice of comparators 6-7
15

16 Objectives 7 Specific objectives or hypotheses 5
17

18 Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single 5,10
19 group), allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory)

20

21

22

23

24 Methods: Participants, interventions, and outcomes

25

26 Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where 5-6
27 data will be collected. Reference to where list of study sites can be obtained

28

29 Eligibility 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and Table 1
30 criteria individuals who will perform the interventions (eg, surgeons, psychotherapists)

31

32 Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they  6-7
;i will be administered

;2 11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug 8-9
37 dose change in response to harms, participant request, or improving/worsening disease)

38

39

40

41

42
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Outcomes

Participant
timeline

Sample size

Recruitment

11c

11d
12

14

15
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Strategies to improve adherence to intervention protocols, and any procedures for monitoring
adherence (eg, drug tablet return, laboratory tests)

Relevant concomitant care and interventions that are permitted or prohibited during the trial

Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic
blood pressure), analysis metric (eg, change from baseline, final value, time to event), method of
aggregation (eg, median, proportion), and time point for each outcome. Explanation of the clinical
relevance of chosen efficacy and harm outcomes is strongly recommended

Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and
visits for participants. A schematic diagram is highly recommended (see Figure)

Estimated number of participants needed to achieve study objectives and how it was determined,
including clinical and statistical assumptions supporting any sample size calculations

Strategies for achieving adequate participant enrolment to reach target sample size

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence
generation

Allocation
concealment
mechanism

Implementati
on

16a

16b

16¢c

Method of generating the allocation sequence (eg, computer-generated random numbers), and list
of any factors for stratification. To reduce predictability of a random sequence, details of any
planned restriction (eg, blocking) should be provided in a separate document that is unavailable to
those who enrol participants or assign interventions

Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered,
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are
assigned

Who will generate the allocation sequence, who will enrol participants, and who will assign
participants to interventions
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1

2

3

4 Blinding 17a  Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 10
5 (masking) assessors, data analysts), and how

6

7 17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a 10-11
g participant’s allocated intervention during the trial

10 Methods: Data collection, management, and analysis

11

12 Data collection 18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 7-8, 11
12 methods processes to promote data quality (eg, duplicate measurements, training of assessors) and a

15 description of study instruments (eg, questionnaires, laboratory tests) along with their reliability and

16 validity, if known. Reference to where data collection forms can be found, if not in the protocol

17

18 18b Plans to promote participant retention and complete follow-up, including list of any outcome datato 11
19 be collected for participants who discontinue or deviate from intervention protocols

20

21 Data 19 Plans for data entry, coding, security, and storage, including any related processes to promote data 11
;g management quality (eg, double data entry; range checks for data values). Reference to where details of data

>4 management procedures can be found, if not in the protocol

;Z Statistical 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other 11
27 methods details of the statistical analysis plan can be found, if not in the protocol

28

29 20b Methods for any additional analyses (eg, subgroup and adjusted analyses) 11
30

31 20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), 11
32 and any statistical methods to handle missing data (eg, multiple imputation)

33

34 Methods: Monitoring

35

36

37

38

39

40

41

42
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Data monitoring 21a

21b
Harms 22
Auditing 23
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Composition of data monitoring committee (DMC); summary of its role and reporting structure;
statement of whether it is independent from the sponsor and competing interests; and reference to
where further details about its charter can be found, if not in the protocol. Alternatively, an
explanation of why a DMC is not needed

Description of any interim analyses and stopping guidelines, including who will have access to
these interim results and make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported
adverse events and other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and whether the process will be
independent from investigators and the sponsor

Ethics and dissemination

Research 24
ethics approval
Protocol 25
amendments
Consent or 26a
assent

26b

Confidentiality 27

Plans for seeking research ethics committee/institutional review board (REC/IRB) approval

Plans for communicating important protocol modifications (eg, changes to eligibility criteria,
outcomes, analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial
registries, journals, regulators)

Who will obtain informed consent or assent from potential trial participants or authorised surrogates,
and how (see Item 32)

Additional consent provisions for collection and use of participant data and biological specimens in
ancillary studies, if applicable

How personal information about potential and enrolled participants will be collected, shared, and
maintained in order to protect confidentiality before, during, and after the trial
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Access to data 29

Ancillary and 30
post-trial care

Dissemination 31a
policy

31b
31c

Appendices

Informed 32
consent
materials

Biological 33
specimens
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Financial and other competing interests for principal investigators for the overall trial and each study 15

site

Statement of who will have access to the final trial dataset, and disclosure of contractual
agreements that limit such access for investigators

Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm
from trial participation

Plans for investigators and sponsor to communicate trial results to participants, healthcare
professionals, the public, and other relevant groups (eg, via publication, reporting in results
databases, or other data sharing arrangements), including any publication restrictions

Authorship eligibility guidelines and any intended use of professional writers

Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical
code

Model consent form and other related documentation given to participants and authorised
surrogates

Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or
molecular analysis in the current trial and for future use in ancillary studies, if applicable

N/A

N/A

12

N/A
N/A

N/A

7-8, Figure 2

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on
the items. Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative
Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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Magnesium in chronic hemodialysis (MAGIC-HD): a study protocol for a

randomized controlled trial to determine feasibility and safety of using
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increased dialysate magnesium concentrations to increase plasma

10 magnesium concentrations in people treated with hemodialysis.
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Abstract

Introduction

People treated with hemodialysis are at increased risk for all-cause and cardiovascular
mortality. Plasma magnesium concentration has been inversely associated with these risks.
Therefore, plasma magnesium may be a new modifiable risk factor and an increase of
dialysate magnesium concentration may be an easy, safe and effective way to increase
plasma magnesium concentrations. Detailed information on modulating dialysate
magnesium concentrations is limited in literature. Primary objective of this study is to
determine the safety and feasibility to increase plasma magnesium concentrations in people
treated with hemodialysis by means of sequentially increasing concentration of magnesium
in the dialysate.

Methods and analysis

In this randomized double blinded standard of care controlled trial, fifty-three persons
treated with hemodialysis, will be randomly allocated 2:1 to either a step-wise individually
titrated increase of dialysate magnesium concentration from 0.50 to 0.75 to 1.00 mmol/L
during 8 weeks, or a standard dialysate magnesium concentration of 0.50 mmol/L. Other
study measurements include dietary records, questionnaires, electrocardiography (ECG),
Holter registration and pulse wave velocity. The primary endpoint is pre-dialysis plasma
magnesium after the long interdialytic interval at the end of week 8. In addition, the
predictive effect of dialysate magnesium concentration and other baseline parameters and
dialysis characteristics on plasma magnesium concentration, will be explored using linear
mixed models. Safety endpoint is defined by the occurrence of hypermagnesemia above
1.25 mmol/L, or bradycardia or prolonged QTc interval detected on the ECG.

Ethics and dissemination

The study is conducted in accordance with the declaration of Helsinki as revised in 2013 and
was approved by the Ethical Committee of the VU University Medical Center. The results of
the study will be disseminated by publication in peer-reviewed scientific journals and
presentation at national or international conferences in the field of interest.

Trial registration number

NTR 6568 / NL6393
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Strengths and limitations
e Blinding and randomization prevents bias occurring from differences in life-style

between groups, and enables objective collection and processing of data

oNOYTULT D WN =

9 e Dialysate concentrations will be individually titrated based on individual plasma

11 magnesium concentrations by an independent physician

13 e Not only the effects of dialysate magnesium concentrations on plasma magnesium
concentrations will be determined, but also the factors that are predictive for these
effects

18 e Major limitation is that the study will not provide information on clinical outcomes

20 including cardiovascular events and mortality, due to limited study duration
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Introduction

People with chronic kidney disease (CKD) including those treated with dialysis are at
increased risk for all-cause and cardiovascular mortality.! This increased risk persists after
adjustment for traditional cardiovascular risk factors, indicating that other kidney specific
factors contribute to the cardiovascular risk.! Recently, lower magnesium has been
identified as a potential novel risk factor.2 Magnesium is involved in many physiological
functions, including energy metabolism and regulation of transmembrane transport of ions
and consequently, it is essential for muscle function, cardiac rhythm and vascular tone.3 In a
meta-analysis of studies in people with CKD including those on dialysis, we showed that
plasma magnesium concentration is inversely associated with all-cause and cardiovascular
mortality, and that this not only applies for normal compared to low magnesium, but also
revealed protective effects of magnesium above as compared to within the reference range
(generally 0.70 — 1.05 mmol/L).* Magnesium concentration is also inversely associated with
the risk for sudden death and with arrhythmia in people treated with hemodialysis.>” In the
general population, serum magnesium has been inversely associated with frequent or
complex premature complexes, which predict prognosis including all-cause mortality in the
general population.® ® Moreover, serum magnesium was inversely associated with pulse
wave velocity (PWV) in people treated with maintenance hemodialysis,'° and in a short
randomized cross-over study in people treated with hemodialysis, higher dialysate
magnesium concentration compared to standard dialysate magnesium concentration
decreased pulse wave velocity.!! PWV is a marker of vascular stiffness and a strong
predictor of cardiovascular outcome in people with CKD stage 4-5D.1% In most studies that
included multiple categories of plasma magnesium concentration in people with CKD
including those treated with dialysis, there was a monotonic inverse association between
magnesium and all-cause mortality.* We previously showed that a commonly used dialysate
magnesium concentration of 0.50 mmol/L in hemodialysis, usually induces a decline of
magnesium towards magnesium concentrations in the lower range of normal.!3 Therefore,
an increase of dialysate magnesium concentration, may be an easy, safe and effective way
to increase plasma magnesium concentrations in people treated with hemodialysis, without
the need of oral supplementation. The results of one observational study suggest that there
may be an optimal concentration of plasma magnesium in-between 1.15-1.27 mmol/L, with

an increasing risk for mortality if magnesium values exceed this range.'* Although these
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findings were not confirmed by other studies that included magnesium values in this high
range, this requires to take into account safety when increasing plasma magnesium
concentrations.® > 16 |n a previous 4-weeks trial by Bressendorf et al., increasing dialysate
magnesium concentration from 0.50 to 1.00 mmol/L resulted in a 0.4 mmol/L increase of
plasma magnesium concentration (95%-Cl 0.3-0.5).%” Here, we describe a randomized
standard-of-care controlled trial of step-wise increment of dialysate magnesium
concentration in people treated with hemodialysis. Primary objective is to determine the
feasibility to increase plasma magnesium concentrations in individuals treated with
hemodialysis by means of sequentially increasing concentration of magnesium in the
dialysate. Secondary objectives are to determine safety of using higher dialysate magnesium
concentrations, the effect of dialysate magnesium on plasma magnesium concentration,
and to define which parameters are predictive for the increment of plasma magnesium
concentration by increasing dialysate magnesium. We will also explore the effects of using

higher dialysate magnesium on cardiac rhythm and pulse wave velocity.

Methods

Trial design

In this randomized, double-blind, standard of care (SOC) controlled multi-center trial,
individuals treated with hemodialysis will be randomly allocated to either a stepwise
increase of dialysate magnesium concentration from 0.50 to 1.00 mmol/L, or continue on a
standard dialysate magnesium concentration of 0.50 mmol/L. The protocol was written in
accordance with the Standard Protocol ltems: Recommendation for Interventional Trials

(SPIRIT) and originally prospectively registered at www.trialregister.nl, which is now

included in the International Clinical Trial Registry Platform (ICTRP) and can be accessed via

https://trialsearch.who.int (registration number NTR 6568 / NL6393).18 The first participant

was randomized in April 2018 and ending of the study is expected at the end of December

2022.
Characteristics of participants and recruitment
Adult persons treated with hemodialysis on a 3-times weekly dialysis schedule, will be

enrolled in the study. The in- and exclusion criteria are listed in table 1. Participants will be
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recruited from multiple centers in the Netherlands, including Amsterdam University Medical
Center location VU Medical Center, Amsterdam; Diapriva dialysis center, Amsterdam;
Niercentrum aan de Amstel, Amstelveen; and Spaarne Gasthuis, Hoofddorp. Participants

need to provide written informed consent prior to enroliment.

Table 1. Inclusion and exclusion criteria

Inclusion criteria

e Age 218 years

e Hemodialysis with regular three times weekly dialysis schedule

e Hemodialysis since at least 3 months

e Standard dialysate magnesium concentration 0.50 mmol/L

e Providing informed consent

e Pre-dialysis plasma magnesium concentration < 1.00 mmol/L after the long intra-dialytic
interval

Exclusion criteria

e Intravenous magnesium supplementation (including total parenteral nutrition) in the last 2
weeks

e Expected cessation of dialysis treatment within three months after inclusion or expected
permanent or temporary dialysis center switch to a center not participating in the trial
within three months after inclusion.

e Prolongation of QTc interval: male >450 ms or female >460 ms on baseline ECG

e Bradycardia: heart rate below 60 beats per minute on baseline ECG

e Chronic arrythmia or cardiac conduction disorder other than atrial fibrillation or ventricular
extrasystole that poses the patient at risk at the discretion of the treating physician.

e Change of proton pump inhibitor prescription in the last 2 weeks

In order to be eligible to participate in this study, a subject must meet all of the inclusion criteria. A potential
subject who meets any of the exclusion criteria will be excluded from participation in this study.

Intervention

In the intervention group, dialysate magnesium is increased stepwise, from 0.50 mmol/L at
baseline, to 0.75 mmol/L during week 1-4, and to 1.00 mmol/L during week 5-8. The
participant proceeds to the next increment step of dialysate magnesium concentration after
week 4 only if pre-dialysis plasma magnesium after the long interdialytic interval is below
1.15 mmol/L in week 4. Otherwise, the dialysate magnesium concentration of 0.75 mmol/L
is continued in week 5-8. After week 8, dialysate magnesium will be gradually reduced with
0.25 mmol/L in week 9 and thereafter return to the standard dialysate magnesium
concentration of 0.50 mmol/L in week 10.

Participants in the control group are treated with a standard dialysate magnesium

concentration of 0.50 mmol/L. (see Figure 1)
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The dialysate contains a potassium concentration of 2 or 3 mmol/L, as determined in
routine care by the treating physician based on individual needs. For the respective
magnesium concentrations, six dialysis concentrates are used in weeks 1-9 (Hemodialysis A-
concentrate, D761, D987, D907, D283, D961 and D908, MTN Neubrandenburg GmbH,
Neubrandenburg, Germany). In the mineral composition of these concentrates, besides
potassium based on individual needs, only the amount of magnesium chloride is different.

Calcium concentration is these dialysates 1.25 mmol/L and the acidifier is acetate.

Study procedures and participant time line

The study procedures and participant time line are shown in Figure 2. After informed
consent is provided by participants that meet in- and exclusion criteria, blood sampling and
electrocardiography (ECG) are performed at baseline. Eligible persons meeting the criteria
for plasma magnesium and ECG, as provided in table 1, are allocated to the either SOC or
incremental magnesium dialysate. During the trial, blood sampling will be performed before
and after the dialysis sessions following the long interdialytic interval weekly, and every
dialysis session in week 1 and 5 to measure plasma magnesium concentration. In addition,
in week 1, 5 and 9, blood is collected for measurements of potassium, bicarbonate, calcium,
albumin, phosphate, parathyroid hormone (PTH), hemoglobin and C-reactive protein (CRP).
For laboratory measurements, standard methods of the local laboratory are used.
Participants record dietary intake for 3-days at baseline. From this record, dietary
magnesium intake is extracted using the Dutch Food Composition Database (NEVO) by using
the calculator on the website of the Dutch Nutrition Center.' 29 A questionnaire regarding
the presence of subjective symptoms that can be associated with hypermagnesemia is
completed at baseline, week 4 and 8. This is a 7-point yes or no questionnaire to ask if a
participant experienced the following symptoms in the last week: nausea, vomiting,
dizziness, drowsiness, reduced muscle strength, itching and leg cramps, and at baseline, also
a question about chronic diarrhea and over-the-counter use of magnesium supplements is
included. An electrocardiogram (ECG) is repeated before dialysis in week 4 and 8 to
determine heart rhythm, frequency and QTc interval. In addition, at baseline and in week 8,
participants undergo continuous heart rhythm monitoring and pulse wave velocity (PWV)
measurements. Heart rhythm monitoring is performed using a Holter recorder (Fysiologic,

Amsterdam, The Netherlands) for 48 hours including one dialysis sessions and one
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interdialytic period. Carotid-femoral PWV is measured using the Sphygmocor tonometer
(Atcor Medical Pty Ltd, Software version 9.0, Sydney, Australia) preceding the midweek
dialysis sessions. Participants are requested to avoid coffee, tea and smoking for 4 hours,
and alcohol for 12 hours preceding the measurements, as is recommended by the
manufacturer of the device. The patient is placed in supine position, in a quiet environment
at room temperature. After attachment of ECG electrodes and bedrest for at least 5
minutes, blood pressure is measured with an automated Omron device at least 3 times with
a few minutes in-between, and until no substantial change occurs. Then, the last blood
pressure measurement is recorded. The carotid to femoral artery distance is measured
directly and multiplied by 0.8 to estimate the difference between cardiac-carotid and
cardiac-femoral distance as recommended by expert consensus.?! The pulse wave is
recorded using the tonometer at the carotid and femoral site and then PWV is calculated
automatically by the Sphygmocor software from entered blood pressure, distance and ECG
and tonometer recordings. Measurements are performed at least twice or until two
measurements are of appropriate quality. A measurement is considered of sufficient quality
based on the criteria set by the manufacturer: adequate shape of detected signal of ECG
and pulse wave, difference of heart rate <5 bpm between carotid and femoral
measurement, ECG R-tops and pulse wave beginning are correctly identified by the
software, and standard deviations of the ECG to carotid and of ECG to femoral time are both
<6%. PWV measurement is not performed in participants with irregular heart rhythm,
pacemaker rhythm, atrial fibrillation or flutter, heart frequency below 40 or above 160 bpm,
2nd or 37 degree atrioventricular block, severe aortic valve stenosis or instable carotid
plague, as contra-indicated by the manufacturer. Furthermore, persons’ characteristics are
recorded at baseline and characteristics of the dialysis are recorded at baseline and weekly
for the time of dialysis after the long interdialytic interval and for every dialysis during the
first and fifth week of intervention. Recorded dialysis characteristics include modality
(hemodialysis or hemodiafiltration), vascular access (catheter, fistula or graft), estimation of
dialysis efficiency (Kt/Vurea per session according to Daugirdas' formula), treatment time
per session, blood flow, dialysate flow and ultrafiltration volume. Medication use and
dosage is recorded at baseline and at week 8. During the trial, all participants receive three
times weekly hemodialysis sessions according to their regular schedule. Changes of dialysis

schedule during the study will be avoided as much as possible if there is no medical
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indication to change the scheme. Also, changes in prescription of proton pump inhibitors
and magnesium-containing supplements, laxatives and phosphate binders will be avoided if

clinically allowed.

Safety monitoring

If participants in the intervention group reach a plasma magnesium of 1.25 mmol/L or
above, as noted by an unblinded independent nephrologist not involved in the trial (see
below), at any time point during follow-up in week 1 to 8, dialysate magnesium
concentration will be reduced to the previous level in the next week. If plasma magnesium
remains 1.25 mmol/L or above in the next week in intervention phase 2 (week 5-8),
dialysate magnesium is further reduced one step (to 0.50 mmol/L). If a participant develops
bradycardia with heart rate below 50 beats per minute (bpm), or prolonged QTc interval
(>450 ms in male or >460 ms in female), noticed on electrocardiography (ECG) in week 4,
dialysate magnesium concentration is also reduced to the previous step. (Figure 1) Plasma
magnesium above 1.25 mmol/L, bradycardia < 50 bpm and prolonged QTc will be recorded
as adverse event (AE). Serious adverse events (SAE’s) will be recorded and reported to the

primary investigator and medical ethical committee.

Main endpoints

Primary endpoint is pre-dialysis plasma magnesium concentration after the long
interdialytic interval at the end of week 8, in the intervention group compared to the
control group. The change of pre-dialysis plasma magnesium concentration after the long
interdialytic interval from baseline to the end of week 8, will also be determined in the

intervention group compared to the control group.

Secondary endpoints

Post-dialysis plasma magnesium concentrations after the dialysis sessions following the long
interdialytic interval will also be determined. Safety endpoint is the safety of using higher
magnesium concentrations in the dialysate, as indicated by the incidence of respectively
hypermagnesemia (>1.25 mmol/L) at any timepoint, or bradycardia (defined as heart rate
below 60 bpm) or prolonged duration of QTc interval (>450ms in male or >460ms in female)

identified on the ECG in week 4 or 8. Other explorative endpoints include the change of
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PWYV from baseline to week 8; and the number of complex premature ventricular complexes
(complex PVC'’s), premature atrial complexes (PAC’s), and heart rate variability as detected
with Holter ECG monitoring. Complex PVC’s are defined as PVC’s that are multiform,
repetitive or have a frequency of >30/h.8 Furthermore, the following outcomes will be
recorded: subjective symptoms that can be associated with hypermagnesemia determined
from self-reporting in questionnaires in week 4 and 8; hospitalization; mortality; and
cardiovascular events that lead to hospitalization or mortality including arrhythmia, cardiac
arrest, acute coronary syndrome, cerebrovascular accident, and hemorrhage from ruptured

aneurysms of the abdominal aorta.

Blinding and randomization

Participants that fulfill all screening criteria, will be randomly allocated 2:1 in tranches of 6
to either the intervention group or the control group by the pharmacy according to a
computer-generated random list. Participants, treating physicians, nurses and researchers
are blinded to treatment allocation. Dialysate cannisters are re-labelled by the pharmacy for
the individual participant per individual study week. Labels include information on
participant name, date of birth, study week and dialysate potassium concentration, but no
further information on dialysate composition. For the first study week, the pharmacy
chooses the appropriate dialysate concentrate based on treatment allocation and the in
routine individual care determined potassium concentration. From week 2 on, one
independent nephrologist that is not blinded for treatment allocation, weekly decides upon
the dialysate magnesium concentration, after review of plasma magnesium concentrations
according to the algorithm shown in Figure 1. The pharmacy then re-labels the dialysate as

prescribed by the independent nephrologist.

Sample size calculation

We previously performed a study to determine plasma magnesium concentrations and
variability in people receiving 3-times weekly hemodialysis treatment with a standard
dialysate magnesium concentration of 0.50 mmol/L.23 That study showed a mean pre-
dialysis plasma magnesium concentration of 0.88 + 0.14 mmol/L.13 After excluding pre-
dialysis magnesium levels above 1.00 mmol/L from the analysis, mean pre-dialysis plasma

magnesium level was 0.83 mmol/L in that study population. Based on these results, we
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expect a mean plasma magnesium concentration of 0.83 + 0.14 mmol/L in the control
group. Based on the results from the CONTRAST cohort analysis, in which plasma
magnesium was associated with all-cause and cardiovascular mortality, we consider an
increase of plasma magnesium concentration to 0.96 mmol/L in the intervention group
relevant, which is a 0.13 mmol/L rise.”> The required sample size calculated for two
independent groups, based on the values just mentioned, a power of 0.80, probability of
0.05, and 2:1 randomization, would be 28 in the intervention and 14 in the control group. To
account for an estimated drop-out of 20%, the required sample size is 53 participants in

total: 35 in the intervention and 18 in the control group.

Statistical analysis

Continuous variables will be expressed as mean and standard deviation (SD) for normally
distributed variables or median and interquartile range (Q1-Q3) for non-parametric
distributed variables. Categorical variables will be presented as number and percentage. The
primary endpoint, pre-dialysis plasma magnesium after the long interdialytic interval at the
end of week 8, will be compared between the intervention and control group, using
univariable analysis with an unpaired Student’s t-test if variables are normally distributed (if
necessary after logarithmic transformation) and with Mann-Whitney U test if variables are
non-normally distributed. The analysis is performed as intention to treat, including all
participants that are still in study follow-up at week 8. The change of plasma magnesium
from baseline to week 8, is first analyzed within each group using a paired Student’s t-test,
and then the difference from baseline to week 8 (delta) is compared between the groups
using linear mixed models. The predictive effect of dialysate magnesium concentration and
other baseline parameters and dialysis characteristics on plasma magnesium concentration,
will be explored in two separate analyses (for pre-dialysis and post-dialysis concentration)
using linear mixed models. In addition, we will explore which parameters are predictive for
the increment of plasma magnesium concentration from baseline to week 8 after
sequentially increasing dialysate magnesium concentration, using linear mixed models. For
secondary endpoints, univariable analysis for within-group changes and between-group
differences will be performed using respectively paired and unpaired Student’s t-test or

Mann-Whitney U tests for continuous variables, and chi-quadrate or Fisher’s exact test for

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



oNOYTULT D WN =

BMJ Open Page 12 of 27

dichotomous variables. Linear mixed models will be used for multivariable analysis of

secondary endpoints with repeated measures.

Data management

Data is recorded in electronic case report forms using the webbased software Castor EDC
(Amsterdam, The Netherlands). All data is stored in coded form. The identification key is

stored at the local study site only. Randomization codes are stored at the pharmacy. The

randomization code will not be broken until follow-up of all participants is completed.

Ethics and dissemination

The study is conducted in accordance with the declaration of Helsinki as revised in 2013 and
was approved by the Ethical Committee of the VU University Medical Center (registration
number 2017.408, NL62679.029.17).

The results of this study will be offered for publication in international peer-reviewed
journals. In addition, the results can be presented at national and international conferences

and meetings in the field.

Patient and public involvement

This study protocol was reviewed and approved by the Dutch Kidney Foundation (DKF). A
patient panel of the Dutch Renal Patients Association is involved in the review of research
protocols submitted to the DKF. Investigators will communicate results to participants once

the final results become available. The results will also be shared with patient organizations.

Discussion

This study aims to determine feasibility, safety, and predictive parameters for the effect of
using dialysate with higher magnesium concentration to increase plasma magnesium
concentrations in people treated with hemodialysis. In addition, this study will explore

effects of using higher dialysate magnesium on cardiac rhythm and pulse wave velocity.

Relation with previous studies

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 13 of 27

oNOYTULT D WN =

BMJ Open

In a previous study, we demonstrated that a commonly used dialysate magnesium
concentration of 0.50 mmol/L generally induces a decline of plasma magnesium
concentrations towards concentrations in the lower range of normal.’3 Detailed information
in literature on the effects of increasing dialysate magnesium concentration on pre- and
post-dialysis plasma magnesium concentrations and safety is sparse. Two other studies
showed that a dialysate magnesium concentration of 0.75 mmol/L generally resulted in a
relatively stable plasma magnesium concentration, with a mean pre-dialysis concentration
of 1.2 mmol/L and mean post-dialysis concentrations of 1.1 up to 1.2 mmol/L.?> 23 In
another trial, a 4-weeks single-step increment of dialysate magnesium concentration from
0.50 to 1.00 mmol/L resulted in a 0.4 mmol/L increase (95%-ClI 0.3-0.5) of pre-dialysis
plasma magnesium concentration and a mean pre-dialysis plasma Mg concentration of 1.4 +
0.2 mmol/L .Y That study did not perform ECG nor Holter monitoring. As outlined in the
introduction, an observational study in people treated with hemodialysis found an inverse
association between plasma magnesium concentrations and arrhythmia.” Moreover, in a
short randomized cross-over study in people treated with hemodialysis, a dialysate
magnesium concentration of 0.75 mmol/L compared to 0.50 mmol/L decreased pulse wave

velocity.!?

Strengths and limitations

The strengths of this study protocol are the blinding and randomization. Although the
primary outcome is an objective outcome measure, blinding and randomization are
essential to prevent bias occurring from changes in life styles including dietary magnesium
intake. In addition, it is of relevance for objective collection and processing of data from
guestionnaires, pulse wave velocity measurements, electrocardiography, and reporting of
SAE’s. Another strength of this protocol is that dialysate magnesium concentration will be
individually titrated based on individual plasma magnesium concentrations. In addition, not
only the effect of dialysate magnesium will be determined, but also other factors that are
predictive for this effect will be determined. The major limitation of this protocol, is that the
study will not provide information on clinical outcomes including cardiovascular events and

mortality, due to a limited duration of the study.

Potential impact
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The study described in this protocol may provide relevant information on the effect of
dialysate magnesium on plasma magnesium concentrations, the strategy for titration of
dialysate magnesium based on individual needs, the safety of increasing plasma magnesium
concentrations, and about factors that are predictive for the effect of dialysate magnesium
on plasma magnesium concentration. This information may enable to safely increase plasma
magnesium concentrations by individualized dialysate magnesium concentrations. In
addition, this study will provide explorative data about the effects of increased dialysate
magnesium concentration on intermediate cardiovascular outcomes including cardiac
rhythm and PWV. The information provided by this study, may pave the way to larger long-
term randomized controlled trials on the effects of increasing plasma magnesium
concentrations on clinical outcomes including all-cause and cardiovascular mortality in
people treated with hemodialysis. If plasma magnesium indeed improves clinically relevant
outcomes, and can be safely increased by means of individualized increasing dialysate
magnesium concentrations, potentially large health benefits may be achieved if magnesium
is increased slightly above the reference range by an increase of dialysate magnesium
concentration. If so, the cost-effect ratio is likely low, as raising magnesium concentration is
an inexpensive intervention. In addition, it would be an easy intervention that needs no
additional patient effort and no oral supplementation would be needed in these persons
that already experience a high pill burden. Therefore, the study described in this protocol
may provide information of high relevance to patients, clinicians and health care providers
and may eventually help to decrease morbidity and mortality in people treated with

hemodialysis.

Safety considerations

Plasma magnesium concentrations are expected to rise up to values above the reference
range by the increase of dialysate magnesium concentration. However, clinical symptoms of
hypermagnesemia, typically are not observed before plasma magnesium concentrations
exceed 2.0 mmol/L, which is high above the target concentrations in this study. Reported
symptoms of hypermagnesemia (if plasma concentrations are above 2.0 mmol/L) include
lethargy, drowsiness, flushing, nausea and vomiting , and diminished deep tendon
reflexes.?* In even more severe hypermagnesemia (plasma concentrations above 3.0

mmol/L) also somnolence, loss of deep tendon reflexes, hypotension and ECG changes can
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occur, and in extreme hypermagnesemia (above 5.0 mmol/L) complete heart block, cardiac
arrest, apnea, paralysis and coma have been reported?*. As a result of hemodialysis inherent
techniques, the increment of (free) plasma magnesium is restricted by its concentration in
the dialysate (maximally 1.00 mmol/L in this study), so overshoot to symptomatic
concentrations is virtually impossible. The risk for severe or symptomatic hypermagnesemia
is further minimized by intensive monitoring. As dialysate magnesium concentration is not
further increased after a plasma magnesium concentration of 1.15 mmol/L is reached, and
is reduced if plasma concentrations of 1.25 mmol/L are reached at any time point, severe or
symptomatic hypermagnesemia will be prevented. These maximal target concentrations are
set taking into account an observational study in people treated with hemodialysis that
suggested an optimal magnesium concentration in-between 1.15-1.27 mmol/L and
increased risk for mortality if magnesium exceeds 1.27 mmol/L.}* Furthermore, for safety
reasons, individuals with bradycardia or a prolonged QTc interval on the ECG at baseline will
be excluded from participation, and in individuals with bradycardia with a heart rate below
50 bpm or a prolonged QTc interval identified on the ECG in week 4, dialysate magnesium
will be reduced. Based on these careful methods, the risk for individuals participating in this
study is low. Considering the limited burden and risks associated with this study and a
possible highly-relevant contribution to future improvement of treatment and prognosis in
people treated with hemodialysis, the potential benefits outweigh the burden and possible

risks.

Trial status
The trial is currently ongoing. The first participant was randomized on the 4th of April 2018

and up till now 43 of 53 participants have been randomized.
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Figure legends

Figure 1. Flow chart of the study intervention. Numbers within frames represent dialysate
magnesium concentrations in mmol/L. All other magnesium concentrations represent
plasma magnesium concentrations, also in mmol/L. Mg, magnesium; ECG;
electrocardiography; #, ECG criteria at baseline: bradycardia defined as heartrate <60 bpm
or prolonged QTc interval >450ms in male or >460ms in female; 22, ECG criteria in week 4:
bradycardia with heart rate <50 bpm or prolonged QTc interval >450ms in male or >460ms
in female; *, pre-dialysis plasma Mg concentration after the long interdialytic interval; **,
plasma Mg concentration at any time point (pre-dialysis and post-dialysis measurements

included).

Figure 2. Study procedures. dialysis 1, dialysis 2, dialysis 3: first, second, third dialysis
session after the long interdialytic interval of the week respectively; pre: pre-dialysis; post:
post-dialysis; blood sampling set 1: lithium heparin gel tube for plasma magnesium
measurement; set 2: lithium heparin gel tube for plasma magnesium and potassium
measurement; set 3: lithium heparin gel tube for plasma magnesium, potassium, calcium,
albumin, phosphate, bicarbonate, CRP, and 2x EDTA tube for hemoglobin and PTH; set A:
serum tube for biobanking in participants who provided additional informed consent; set B:
2x EDTA tube for biobanking in participants who provided additional informed consent;
ECG: pre-dialysis electrocardiography; Questionnaire: 7-point yes or no questionnaire to ask
if a participant experienced the following symptoms in the last week: nausea, vomiting,
dizziness, drowsiness, reduced muscle strength, itching and leg cramps, in addition at
baseline a question about chronic diarrhea and over-the-counter use of magnesium
supplements is included; 3DDD: 3-days dietary diary including 1 dialysis weekday, 1 non-
dialysis weekday, 1 non-dialysis weekend day; Holter: 48-hours electrocardiography
registration including 1 dialysis session and 1 interdialytic interval; PWV: pulse wave velocity

measurement before the mid-week dialysis session.
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Figure 1. Flow chart of the study intervention. Numbers within frames represent dialysate magnesium
concentrations in mmol/L. All other magnesium concentrations represent plasma magnesium concentrations,
also in mmol/L. Mg, magnesium; ECG; electrocardiography; 2, ECG criteria at baseline: bradycardia defined
as heartrate <60 bpm or prolonged QTc interval >450ms in male or >460ms in female; 24, ECG criteria in
week 4: bradycardia with heart rate <50 bpm or prolonged QTc interval >450ms in male or >460ms in
female; *, pre-dialysis plasma Mg concentration after the long interdialytic interval; **, plasma Mg
concentration at any time point (pre-dialysis and post-dialysis measurements included).
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Week Dialysate Blood sampling ECG Questionnaire 3DDD Holter PWV
dialysis 1 dialysis 2 dialysis 3
pre post pre post pre post
-1 standard setl setl setl setl X
0 standard X X X X
1 study dialysate set 3+A+B set2 setl setl setl setl
2 study dialysate setl set 1
3 study dialysate setl set 1
4 study dialysate set 1 set 1 X X
5 study dialysate set3 set2 setl setl setl setl
6 study dialysate setl set1
7 study dialysate setl set 1
8 study dialysate set 1 set 1 X X X X
9 study dialysate set 3+A set 2
10 standard setl set 1
11 standard set 1 set 1

Figure 2. Study procedures. dialysis 1, dialysis 2, dialysis 3: first, second, third dialysis session after the
long interdialytic interval of the week respectively; pre: pre-dialysis; post: post-dialysis; blood sampling set
1: lithium heparin gel tube for plasma magnesium measurement; set 2: lithium heparin gel tube for plasma
magnesium and potassium measurement; set 3: lithium heparin gel tube for plasma magnesium, potassium,
calcium, albumin, phosphate, bicarbonate, CRP, and 2x EDTA tube for hemoglobin and PTH; set A: serum
tube for biobanking in participants who provided additional informed consent; set B: 2x EDTA tube for
biobanking in participants who provided additional informed consent; ECG: pre-dialysis electrocardiography;
Questionnaire: 7-point yes or no questionnaire to ask if a participant experienced the following symptoms in
the last week: nausea, vomiting, dizziness, drowsiness, reduced muscle strength, itching and leg cramps, in
addition at baseline a question about chronic diarrhea and over-the-counter use of magnesium supplements
is included; 3DDD: 3-days dietary diary including 1 dialysis weekday, 1 non-dialysis weekday, 1 non-dialysis
weekend day; Holter: 48-hours electrocardiography registration including 1 dialysis session and 1
interdialytic interval; PWV: pulse wave velocity measurement before the mid-week dialysis session.
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B SPIRITV

STANDARD PROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related documents*

Section/item Item Description

No

Addressed on page

Administrative information

Title 1
Trial 2a
registration

2b
Protocol 3
version
Funding 4
Roles and 5a
responsibilities

5b

5c

Descriptive title identifying the study design, population, interventions, and, if applicable, trial
acronym

Trial identifier and registry name. If not yet registered, name of intended registry
All items from the World Health Organization Trial Registration Data Set

Date and version identifier

Sources and types of financial, material, and other support
Names, affiliations, and roles of protocol contributors
Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study design; collection, management, analysis, and
interpretation of data; writing of the report; and the decision to submit the report for publication,
including whether they will have ultimate authority over any of these activities
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1

2

3

4 5d  Composition, roles, and responsibilities of the coordinating centre, steering committee, endpoint N/A
5 adjudication committee, data management team, and other individuals or groups overseeing the

? trial, if applicable (see Item 21a for data monitoring committee)

8 .

9 Introduction

1(1) Background 6a  Description of research question and justification for undertaking the trial, including summary of 4-5
12 and rationale relevant studies (published and unpublished) examining benefits and harms for each intervention

13

14 6b  Explanation for choice of comparators 6-7
15

16 Objectives 7 Specific objectives or hypotheses 5
17

18 Trial design 8 Description of trial design including type of trial (eg, parallel group, crossover, factorial, single 5,10
19 group), allocation ratio, and framework (eg, superiority, equivalence, noninferiority, exploratory)

20

21

22

23

24 Methods: Participants, interventions, and outcomes

25

26 Study setting 9 Description of study settings (eg, community clinic, academic hospital) and list of countries where 5-6
27 data will be collected. Reference to where list of study sites can be obtained

28

29 Eligibility 10 Inclusion and exclusion criteria for participants. If applicable, eligibility criteria for study centres and Table 1
30 criteria individuals who will perform the interventions (eg, surgeons, psychotherapists)

31

32 Interventions 11a Interventions for each group with sufficient detail to allow replication, including how and when they  6-7
;i will be administered

;2 11b Criteria for discontinuing or modifying allocated interventions for a given trial participant (eg, drug 8-9
37 dose change in response to harms, participant request, or improving/worsening disease)

38

39

40

41

42
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Outcomes

Participant
timeline

Sample size

Recruitment

11c

11d
12

14

15

BMJ Open

Strategies to improve adherence to intervention protocols, and any procedures for monitoring
adherence (eg, drug tablet return, laboratory tests)

Relevant concomitant care and interventions that are permitted or prohibited during the trial

Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolic
blood pressure), analysis metric (eg, change from baseline, final value, time to event), method of
aggregation (eg, median, proportion), and time point for each outcome. Explanation of the clinical
relevance of chosen efficacy and harm outcomes is strongly recommended

Time schedule of enrolment, interventions (including any run-ins and washouts), assessments, and
visits for participants. A schematic diagram is highly recommended (see Figure)

Estimated number of participants needed to achieve study objectives and how it was determined,
including clinical and statistical assumptions supporting any sample size calculations

Strategies for achieving adequate participant enrolment to reach target sample size

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence
generation

Allocation
concealment
mechanism

Implementati
on

16a

16b

16¢c

Method of generating the allocation sequence (eg, computer-generated random numbers), and list
of any factors for stratification. To reduce predictability of a random sequence, details of any
planned restriction (eg, blocking) should be provided in a separate document that is unavailable to
those who enrol participants or assign interventions

Mechanism of implementing the allocation sequence (eg, central telephone; sequentially numbered,
opaque, sealed envelopes), describing any steps to conceal the sequence until interventions are
assigned

Who will generate the allocation sequence, who will enrol participants, and who will assign
participants to interventions
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1

2

3

4 Blinding 17a  Who will be blinded after assignment to interventions (eg, trial participants, care providers, outcome 10
5 (masking) assessors, data analysts), and how

6

7 17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a 10-11
g participant’s allocated intervention during the trial

10 Methods: Data collection, management, and analysis

11

12 Data collection 18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 7-8, 11
12 methods processes to promote data quality (eg, duplicate measurements, training of assessors) and a

15 description of study instruments (eg, questionnaires, laboratory tests) along with their reliability and

16 validity, if known. Reference to where data collection forms can be found, if not in the protocol

17

18 18b Plans to promote participant retention and complete follow-up, including list of any outcome datato 11
19 be collected for participants who discontinue or deviate from intervention protocols

20

21 Data 19 Plans for data entry, coding, security, and storage, including any related processes to promote data 11
;g management quality (eg, double data entry; range checks for data values). Reference to where details of data

>4 management procedures can be found, if not in the protocol

;Z Statistical 20a Statistical methods for analysing primary and secondary outcomes. Reference to where other 11
27 methods details of the statistical analysis plan can be found, if not in the protocol

28

29 20b Methods for any additional analyses (eg, subgroup and adjusted analyses) 11
30

31 20c Definition of analysis population relating to protocol non-adherence (eg, as randomised analysis), 11
32 and any statistical methods to handle missing data (eg, multiple imputation)

33

34 Methods: Monitoring

35

36

37

38

39

40

41

42
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Data monitoring 21a

21b
Harms 22
Auditing 23

BMJ Open

Composition of data monitoring committee (DMC); summary of its role and reporting structure;
statement of whether it is independent from the sponsor and competing interests; and reference to
where further details about its charter can be found, if not in the protocol. Alternatively, an
explanation of why a DMC is not needed

Description of any interim analyses and stopping guidelines, including who will have access to
these interim results and make the final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited and spontaneously reported
adverse events and other unintended effects of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and whether the process will be
independent from investigators and the sponsor

Ethics and dissemination

Research 24
ethics approval
Protocol 25
amendments
Consent or 26a
assent

26b

Confidentiality 27

Plans for seeking research ethics committee/institutional review board (REC/IRB) approval

Plans for communicating important protocol modifications (eg, changes to eligibility criteria,
outcomes, analyses) to relevant parties (eg, investigators, REC/IRBs, trial participants, trial
registries, journals, regulators)

Who will obtain informed consent or assent from potential trial participants or authorised surrogates,
and how (see Item 32)

Additional consent provisions for collection and use of participant data and biological specimens in
ancillary studies, if applicable

How personal information about potential and enrolled participants will be collected, shared, and
maintained in order to protect confidentiality before, during, and after the trial
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5-7
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Declaration of 28
interests

Access to data 29

Ancillary and 30
post-trial care

Dissemination 31a
policy

31b
31c

Appendices

Informed 32
consent
materials

Biological 33
specimens

BMJ Open

Financial and other competing interests for principal investigators for the overall trial and each study 15

site

Statement of who will have access to the final trial dataset, and disclosure of contractual
agreements that limit such access for investigators

Provisions, if any, for ancillary and post-trial care, and for compensation to those who suffer harm
from trial participation

Plans for investigators and sponsor to communicate trial results to participants, healthcare
professionals, the public, and other relevant groups (eg, via publication, reporting in results
databases, or other data sharing arrangements), including any publication restrictions

Authorship eligibility guidelines and any intended use of professional writers

Plans, if any, for granting public access to the full protocol, participant-level dataset, and statistical
code

Model consent form and other related documentation given to participants and authorised
surrogates

Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or
molecular analysis in the current trial and for future use in ancillary studies, if applicable

N/A

N/A

12

N/A
N/A

supp

7-8, Figure 2

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013 Explanation & Elaboration for important clarification on
the items. Amendments to the protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under the Creative
Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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